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ABSTRACT 


This  thesis  demonstrates  the  feasibility  of  com¬ 
puterized  assignment  of  Naval  enlisted  personnel  to  fleet 
units.  A  model  is  constructed  for  determining  the  utility 
of  each  man  for  each  possible  ship  assignment.  Then 
various  methods  of  assignment  are  investigated  to  find 
one  which  maximizes  the  summed  utilities  of  assignment. 

To  illustrate  its  capabilities,  the  model  is  then  applied 
to  several  sample  sets  of  men  and  snips.  The  authors  con¬ 
clude  that  a  model  of  this  type  should  be  implemented  in 
the  Navy's  personnel  distribution  system. 
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i.  Introduction. 

The  ultimate  objective  of  all  administrative 
systems  concerned  with  the  movement  of  per¬ 
sonnel  is  to  maximize  their  utilization  in 
the  fleet.  The  basic  aim  of  all  personnel 
support  systems,  such  as  selection,  classi¬ 
fication.  and  training,  is  to  ensure  full 
utilization  of  personnel  if  at  all  feasible. 

The  medium  through  which  these  ends  must  be 
attained  is  the  fleet  personnel  assignment 
system.L3j 

Under  the  present  system  of  fleet  personnel  assign¬ 
ment,  BUPEHS  assigns  about  twenty  types  of  specially 
qualified  people  to  fleet  units.  The  remaining  assign¬ 
ments  are  made  by  the  Type  Command  Representatives 
(TYCOMREP)  at  the  Enlisted  Personnel  Distribution  Offices 
(EPDO),  The  TYCOMREP  personnel  assignors  make  their 
assignments  on  a  one-at-a-time  basis,  using  their  best 
judgment,  various  thumb  rules,  and  a  number  of  policy 
and  concept  guidelines.  Some  of  the  man-related  param¬ 
eters  which  must  be  considered  include  personal  prefer¬ 
ences,  experience,  training,  number  of  dependents, 
obligated  service  remaining,  and  present  location  of 
the  man  and  his  dependents.  These  parameters  must  be 
matched  in  proper  sequence  with  the  parameters  descriptive 
of  the  units  to  which  the  man  could  be  assigned.  Some 
ship-related  parameters  are  operating  schedules,  location, 
homeport,  status  of  personnel  requirements,  and  requirements 
unique  to  the  particular  unit.  It  can  be  seen  that  the 
task  of  the  personnel  assignor  in  the  present  system  is 
a  complex  and  difficult  one.^-^ 
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Since  the  days  of  "wooden  ships  and  iron  men,"  the 
Navy  has  grown  to  such  magnitude  in  physical  size,  number 
of  different  types  of  operating  units,  and  different  skills 
required  to  operate  them,  that  manual  means  of  assignment 
are  no  longer  acceptable.  Even  on  a  one-at-a-time  basis, 
it  would  be  difficult  and  very  t' me  consuming  for  an 
assignor  to  consider  all  pertinent  parameters  for  each 
man  in  an  objective  and  consistent  manner.  It  is  almost 
impossible  to  consider  the  array  of  all  possible  assign¬ 
ments,  given  a  group  of  men  to  assign  to  a  number  of  ships. 
But,  to  make  the  optimal  set  of  assignments,  the  array  of 
all  possible  assignments  must  be  considered. 

Given  a  number  of  units  and  a  group  of  men  to  assign, 
it  is  assumed  that  the  desirability  of  each  possible  assign 
ment  can  be  represented  by  an  ordinal  utility  value  which 
is  useful  in  relating  that  assignment  to  all  other  possible 
assignments.  Then,  by  "optimal"  assignment,  the  available 
men  are  assigned  to  units  in  a  manner  such  that  the  summed 
utility  of  all  assignments  is  maximized.  Of  course,  the 
utility  of  an  assignment  must  consider  both  the  utility  of 
the  man  for  the  ship  and  the  utility  of  the  ship  for  the 
man.  Maximum  utilizaticn  cannot  be  realized  unless  both 
the  ship's  needs  and  the  man's  needs  are  considered  in 
every  case. 

The  determination  of  the  utility  of  an  assignment  is 
a  particularly  difficult  problem  for  the  Navy.  It  might 
also  be  considered  a  unique  problem  in  that  the  operating 
and  deployment  schedules  of  fleet  units  cause  the  utility 


10 


of  the  assignment  of  a  man  to  a  ship  to  be  time-dependent; 
i.e.,  the  benefits  a  ship  can  derive  from  the  assignment  of 
any  man  is  directly  dependent  upon  that  ship’s  state  of  oper¬ 
ation.  For  example,  all  other  things  being  equal,  a  man 
may  be  more  valuable  to  a  ship  preparing  for  deployment 
than  to  a  ship  returning  from  deployment,  or  going  into 
the  shipyard  for  overhaul.  Some  time-independent  param¬ 
eters  affecting  the  utility  of  an  assignment  will  be  dis¬ 
cussed  later  in  the  paper. 

The  discussion  thus  far  has  indicated  that  the  com¬ 
plexity  and  number  of  operations  required  in  determining 
the  utility  of  each  possible  assignment  and  then  finding 
the  optimal  set  of  assignments  is  beyond  the  capability  of 
manual  methods.  Therefore,  the  use  of  computer  techniques 
is  proposed  as  a  method  of  solution  to  the  assignment 
problem. 

In  a  properly  structured  computerized  assignment  model, 
all  parameters  involved  in  all  possible  assignments  can  be 
considered  in  making  the  ’’optimal"  set  of  assignments. 

Thorpe  and  Conner  have  postulated  that  an  acceptable  com¬ 
puterized  assignment  model  has  to  meet  three  basic  require¬ 
ments:  first,  it  has  to  determine  for  which  assignments  a 
man  is  eligible;  second,  it  has  to  evaluate  the  utility 
value  or  "return"  for  each  man  in  each  billet  for  which  he 
is  eligible;  finally,  the  assignment  model  has  to  select 
the  set  of  assignments  for  which  the  total  value  of  all  men 

n  3 

available  for  assignment  in  all  vacant  billets  is  maximized^-41 
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These  requirements  constitute  the  basis  for  AUTAM 
(AUTomated  Assignment  Model),  which  the  authors  have 
developed  and  analyzed  as  a  demonstration  of  the  feasi¬ 
bility  and  effectiveness  of  computerized  assignment. 

2 .  Model . 

As  the  name  implies,  AUTAii  is  a  computerized  model 
for  assignment  of  personnel  on  the  basis  of  utility. 

AUTAM  is  not  Just  a  theoretical  exercise  for  computer 
fanatics.  It  is,  in  fact,  a  useful  assignment  model 
which  can  be  implemented  (with  few  changes)  at  any  level 
of  personnel  administration. 

In  order  to  insure  understanding  at  all  levels,  the 
model  was  kept  as  simple  as  possible.  For  purposes  of 
assignment,  an  imaginary  Type  Command  consisting  of  sixteen 
ships  was  considered.  Within  this  TYCOM  only  three  ratings 
were  used*.  Boatswain's  Mates,  Quartermasters,  and  Signal¬ 
men.  These  rates  were  picked  because  they  are  not  sensi¬ 
tive  to  Naval  Enlisted  Classification  codes  (NEC's)  and 
thus  allowed  a  more  compact  program. 

As  previously  stated,  certain  nan  and  ship  parameters 
must  be  matched  in  proper  sequence  in  order  to  determine 
a  utility  of  assignment  of  each  man  for  each  ship.  The 
number  of  parameters  used  in  this  model  was  kept  to  a 
minimum  for  the  sake  of  simplicity.  Significant  omissions 
from  the  model  are  the  man’s  NEC,  performance  evaluation, 
and  choice  of  ship  type.  However,  it  was  felt  that  the 
inclusion  of  too  many  parameters  would  only  add  unnecessary 
complexity  to  the  model.  A  few  representative  parameters 
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were  arbitrarily  chosen  to  show  how  they  might  be  adopted 
to  the  program.  Once  the  reader  is  familiar  with  the  proc- 
essing  of  the  model,  AUTAM  can  easi.y  be  expanded  to  include 
any  parameters  that  might  be  required.  The  parameters  con¬ 
sidered  in  this  model  were: 

Man-related:  (1)  Rating  and  pay  grade. 

(2)  Take-up  date  (predicted  date  of 
reporting  on  board). 

(3)  Homeport  preferences. 

(4)  EAOS  (expiration  of  active  obligated 
service). 

Ship-related:  (5)  POB-6  (predicted  on  board  count 

six  months  from  now  for  a  given 
rate  and  pay  grade). 

(6)  EDP  (enlisted  distribution  plan  - 
number  of  personnel  required). 

(7)  Homeport. 

(8)  Overseas  deployment  date. 

(9)  Return  date  from  deployment. 

The  man-related  parameters  used  in  this  model  are 
available  on  the  punched-card  standard-format  assignment 
deck  for  each  man.W  Appendix  A  gives  a  detailed  descrip¬ 
tion  of  all  the  man-related  data  that  can  be  found  on  these 
cards.  The  ship-related  information  is  readily  available 
at  ail  personnel  distribution  centers. 

Having  chosen  the  desired  parameters,  it  was  necessary 
to  derive  the  assignment  variables  as  functions  of  these 
parameters.  This  was  accomplished  by  performing  the 


man-ship  matching  operation  which  was  mentioned  earlier. 
In  particular,  the  following  relationships  were  examined: 

(1)  Man's  rating  and  pay  grade  vs.  ship's 
requirements  and  POB-6  in  that  rating  and 
pay  grade,  pay  grade  above  and/or  below. 

(2)  Man's  take-up  date  vs.  ship  deployment 
dates. 

(3)  Man's  homeport  preferences  vs.  ship's 
homeport. 

(4)  EAOS  date  vs.  ship  deployment  dates. 

Although  the  use  of  these  variables  in  the  model 

reflects  the  judgment  of  the  authors,  the  model  is  not 
restricted  to  these  expressed  and  implied  judgments.  The 
assignment  "ground  rules"  used  by  any  assigner  or  group 
of  assigners  can  be  applied  to  this  model  with  equal 
effectiveness.  To  show  how  this  might  be  done,  the 
"assignment  policy"  of  this  model  is  as  follows: 

All  other  things  being  equal  between  men  and/or 

ships,  it  is  desirable  to  accomplish  the  following: 

(1)  "fill", or  even  "overfill"  slightly, a  ship 
preparing  to  deploy,  in  order  to  insure 
that  the  ship  has  sufficient  manpower  to 
meet  its  operational  commitments  and  allow 
for  normal  manpower  attrition.  This  policy 
also  reduces  the  cost  of  transporting  ad¬ 
ditional  men  overseas  to  the  ship. 
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(2)  insure  that  an  assigned  man  has  sufficient 
obligated  service  to  complete  the  ship's 
next  deployment. 

(3)  assign  a  man  in  accordance  with  his  homeport 
preference. 

(4)  assign  a  man  to  the  ship  which  has  the  smallest 
(P0B-6)/(EDP)  ratio  for  the  rating  concerned. 

This  is  the  most  important  factor  in  assign¬ 
ment.  In  addition,  the  ratio  of  (P0B-6)/(EDP) 
for  the  pay  grade  above  and/or  below  the  subject 
man  should  be  considered.  A  man  in  any  specific 
pay  grade  has  positive  utility  to  the  ship  which 
is  short  of  men  in  the  pay  grade  above  and/or 
the  pay  grade  below. 

Using  these  criteria,  the  assignment  variable, 
was  computed  for  the  assignment  of  the  i^h  man  to  the  j^h 
ship  as  follows: 

(1)  Wj  * -l  -  Is  take-up  before  deployment?  (Parameters 
2  and  8)1 

No  -  0 
Yes  -  1 

2 

Yes  and  £3  months  before  deployment  -  2 

-^-The  parentheses  indicate  which  parameters  are  com¬ 
pared  to  determine  the  answer  to  the  question.  See  page  13 
for  parameter  list. 

^The  values  assigned  for  each  answer  are  strictly 
arbitrary.  They  reflect  only  ordinality  of  preference, 
not  relative  magnitude  of  preference. 
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W^j2  ”  Is  take-up  during  deployment?  (Parameters 
2,  8,  and  9) 

No  -  0 
Yes  -  1 

Wjjs  -  Is  MOS  after  return  date?  (Parameters 
4  and  9) 


No  -  0 
Yes  -  1 

Wjjif  -  Is  ship  homeport  one  of  man's  preferences? 
(Parameters  3  and  7) 

No  -  0 

2nd  choice  -  1 
1st  choice  -  2 

Wi  jk  (k  =  5,  •••  11)  takes  into  account  the  POB-6 
and  EDP  information.  (Parameters  1,  5>  and  6). 
For  the  i^  man's  rating  and  pay  grade,  the  model 
computes  for  the  ship: 

fegBdL.t.fcO 

\  KDP  +  .1  /  j 

For  the  i^*1  man's  rating  and  pay  grade  above 
and  below,  the  following  is  computed  for  the 


jth  ship: 


Pay  grade  above 
Pay  grade  below 


J  (P  1  PA  *  -A 

\F  +  kA  +  .1 / 

:  /P  +  P3  +  .1] 

\E  +  1%  +  .1) 
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where  P  =  POB-6 
E  =  EDP 

SUBSCRIPi  NOTATION: 

A  =  pay  grade  above 
B  =  pay  grade  below 
none  =  pay  grade  of  Interest 
It  is  noted  that  a  constant  value  of  0.1  is  added  to 
both  the  numerator  and  denominator  in  the  above  ratios.  The 
0.1  in  the  denominator  prevents  division  by  zero  and  the 
same  constant  in  the  numerator  allows  comparisons  in  cases 
where  the  POB-6  is  zero.  Although  the  addition  of  this 
constant  does  not  alter  the  ordinal  utility  of  an  assign¬ 
ment,  it  does  bias  the  assignment  in  favor  of  the  ship  with 
the  larger  EDP.  Table  1  gives  examples  of  how  the  addition 
of  the  0.1  effects  the  (P0B-6)/(EDP)  ratio.  (In  following 
these  examples,  the  reader  is  reminded  that  a  low  (POB-6)/ 
(EDP)  ratio  corresponds  to  a  high  utility.) 

First,  comparing  ships  E  and  F  in  the  table,  it  is 
obvious  that  (P0B-6)/(EDP)  ratios  cannot  be  computed 
because  both  ships  have  EDP’s  equal  to  zero.  However, 
adding  the  0.1  constant  allows  ratios  to  be  determined  as 
shown  in  row  4.  In  this  case,  ship  F  is  overfilled  by  two 
men  and  has  the  higher  ratio.  Therefore,  ship  E  has  the 
higher  utility  and  will  be  favored  for  the  assignment. 

A  comparison  of  ships  C  and  D  demonstrates  the  case  where 
both  ships  have  a  P03-6  equal  to  zero.  Since  the  ratio  is 
again  indiscriminate,  the  addition  of  the  constant  is  needed 
to  allow  the  ratios  to  be  formed  as  shown  in  row  4. 
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Ship  D  is  favored. 

One  final  example  is  given  to  indicate  how  the  addi¬ 
tion  of  the  0.1  constant  tends  to  bias  the  ratio  in  favor 
of  the  larger  ship.  In  Table  1,  ships  A  and  B  both  have 
the  same  ratio  of  0.5»  However,  after  the  addition  of  the 
constant,  ship  B  has  the  lower  ratio  and  is  favored  for 
assignment.  Valid  arguments  can  be  presented  both  for 
and  against  this  procedure.  Therefore,  it  is  hypothesized 
in  this  model  that  in  those  cases  where  the  ratios  are 
equal,  it  is  better  to  assign  to  the  ship  needing  the  most 
number  of  men.  To  reverse  this  hypothesis,  a  small  con¬ 
stant  could  be  subtracted  with  a  slight  arithmetic  modi¬ 
fication.  Before  leaving  the  (P0B-6)/(EDP)  ratio,  two 
more  facts  should  be  mentioned:  (1)  AUTAM  was  arbitrarily 
set  up  to  compute  the  (P0B-6)/(EDP)  ratio  for  the  i^1  man's 
pay  grade,  pay  grade  above  and/or  pay  grade  below,  in  that 
order.  (2)  The  Wijk  (k  =  5, 6,7*8,9,10, 11)  elements  are 
designated  in  the  model  as  follows: 

TABLE  2 


Designation  of  (P0B-6)/(EDP)  Ratio  for  Each  Rate 


— pH - 

•Ian's  Rate 

Rate  For  Which  Wjjjj.  is  Computed 

CPO  P01  P02  PO^  STKR 

CPO 

Wi  35 

wij6 

PtJi - 

Wij8 

"137 

W139 

JTQ2 - 

wij8 

Wi  37 

Wij9 

PTJ3 

wij8 

Wij7 

Wij9 

5TKH - 

wi  jll 

Wi  jlO 
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The  significance  of  Table  2  may  not  be  clear  at  this 
point,  but  it  will  be  useful  for  reference  during  che  dis< 
cussion  involving  weighting  factors  for  these  variables. 

Now  that  the  variables  have  all  been  defined,  it  can 
be  shown  how  these  variables  can  be  used  to  determine  the 
utility  of  assignment  of  the  i^  man  to  the  j*'*1  ship. 


In  AUTAM,  this  utility  is 


Vi  jk 


(1J 


where  aQ  is  an  arbitrary  intercept  point  (10  in  this 
model)  and  a^  is  the  weight  assigned  to  each  variable, 

Wijk*  assumption  of  linearity  was  assumed  in  equation 

(1)  for  ease  of  computation.  It  was  also  considered  that 
first  order  approximations  were  sufficiently  accurate  for 
this  model. 

The  determination  of  the  weight  ( a1c )  of  each  variable 
is,  obviously,  a  crucial  part  of  the  model.  The  concept  of 
an  effective  assignment  model  is  based  on  the  assumption 
that  proper  weights  can  be  found  such  that  the  generated 
utility  of  assignment,  ui j ,  reflects  accurately  the  assign¬ 
ment  policy  desired.  Since  the  assignment  policy  is  based 
on  the  judgment  of  personnel  administrators,  the  assign¬ 
ment  weights  must  likewise  be  generated  through  repeated 
subjective  judgments  which  are  consistent  with  the  policy 
set  forth.  As  an  illustration,  it  will  now  be  shown  how 
the  weights  used  in  this  paper  were  determined. 
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Of  all  the  variables  considered  in  this  model,  the 
(P0B-6)/(I£DP)  ratio  is  the  most  important.  Therefore,  it 
was  used  as  the  reference  variable  for  determining  the  first 
rough  weights.  The  reader  is  referred  to  Table  2  to  see 
how  the  (P0B~6)/(EDP)  ratio  for  each  rate  is  designated  in 
the  model.  Prom  this  it  can  be  seen  that  a  good  starting 
point  might  be  the  and  a^  coefficients.  These  coeffi¬ 
cients  represent,  respectively,  the  weight  assigned  to  the 
(P0B-6)/(EDP)  ratio  for  a  Chief  Petty  Officer  and  the  weight 
assigned  to  a  Chief  Petty  Officer  who  might  be  utilized  in 
a  first  Class  Petty  Officer’s  billet.  This  assumes  that, 
other  things  being  equal,  a  CPO  has  a  greater  utility  on  a 
ship  which  is  shor4-  of  POl’s  than  a  ship  which  is  over¬ 
filled  with  POl’s.  This  assumption  was  taken  into  account 
in  the  derivation  of  the  vectors  for  the  pay  grade 

above  and  the  pay  grade  below.  The  mathematical  formu¬ 
lation  of  these  vectors  was  shown  earlier. 

first,  a^  was  arbitrarily  set  equal  to  -5»  (The 
negative  sign  is  necessary  to  counterbalance  the  fact  that 


an  increase  in  numerical  value  of  causes  a  decrease 

in  u^.)  Then  it  was  assumed  that  there  were  two  ships, 

1  and  2,  to  which  the  i  man  could  be  assigned.  By  use 
of  an  indifference  comparison,  similar  to  that  used  in  the 
economic  study  of  consumer  choice,  ['lvalues  were  found  for 
W.ycj  and  which  caused  the  authors  to  be  indifferent 

between  assignment  to  either  Ship  1  or  Ship  2.  The  follow¬ 
ing  is  an  example  of  this  procedure: 
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TABLE  3 

Illustrative  Indifference  Comparison 


On  the  first  trial  in  Table  3,  the  values  were 

picked  arbitrarily.  Since  Ship  1  has  a  lower  (POB-6)/(EDP) 
ratio  for  both  CPO  and  P01,  it  has  a  higher  utility  of 
assignment  and  is  preferred  for  assignment  of  a  CPO.  In 
the  second  trial,  the  W.^  value  for  Ship  2  was  reduced  to 
.5.  However,  the  authors  felt  that  Ship  1  still  had  prefer¬ 
ence  for  assignment  of  CPO.  In  the  third  trial,  the  greatly 
reduced  ratio  for  POl's  on  Ship  2  caused  the  authors  to 
become  indecisive  as  to  which  ship  should  be  assigned  an 
additional  Chief  Petty  Officer.  Therefore,  this  was  the 
indifference  point  for  these  two  variables,  and 

It  should  be  noted  that  this  is  not  a  unique  set  of  values. 

Using  the  values  from  the  third  trial  and  a^  =  -5,  the 
uJ ility  of  Ship  1  was  set  equa1  to  the  utility  of  Ship  2 
ard  solved  for  a.: 


uil  =  ui2 


a5Wil5  +  a6Wil6  =  a5Wi25  +  a6W126 
(.7)  +  a 6(.7)  =  -5C.9)  +  a6(.3) 


a6  =  "2*5 

With  as  reference  and  still  equal  to  -5>  the 

values  of  a^,  a^,  a^  and  a^  were  determined  by  the  same 
method.  The  results  were:  a.^  =  0.5»  a2  =  -1,  a^  =  1, 
aL*.  =  0*5*  Since  a^,  ag,  and  a^  apply  only  to  rated  Petty 
Officers  (P01,  P02,  and  P03)  and  a^Q  and  a 11  apply  only  to 
Strikers,  they  were  determined  separately.1  In  this  case 
ar,  was  set  equal  to  -5  and  ag  and  a^  were  found  to  be  -5 


and  -3.5  respectively. 

Similarly  a1Q  was 

set  equal  to  -5 

and  a^  was  found  to  be 

-3.5.  Thus  far, 

the  values  obtained 

were: 

a0  =  i° 

a^  =  0.5 

a8  = 

ai  =  0.5 

a5  =  "5 

a9  =  “3*5 

a2  =  -1 

a6  = 

aio  = 

a3  =  ! 

a?  =  -5 

aii  = 

For  the  purpose  of  allowing  the  utilities  between 
different  pay  grades  to  be  easily  compared,  the  ak  (k  =  5, 
...  11)  were  rescaled  such  that 

6  9 

aiA  .1  =  a.W  =  51  a  W 

k  =  5  k  ijk  k  =  7  k  Ijk  k  =  10  k 


xThe  reader  is  referred  to  Table  2  to  verify 
this  statement. 
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This  was  done  by  first  assuming  a  utility  range, 
O^u^^lO.  Since  for  all  conceivable  cases, 

a^  was  scaled  such  that 

6  9  11 

k  ?  5^  k  =  7^  k  =  10&k  ? 

On  this  basis  the  following  revised  values  vere 
obtained : 

a?  =  -3.3  %  =  -1.9  a10  =  -2.9 

a6  =  _1,7  a8  =  ■1-9  au  =  '2a 

a9  =  -1.3 

Recalling  that  a-  =  -5  was  used  as  a  reference  to 
determine  a^  (k  =  1,2, 3, 4),  it  became  necessary  to  rescale 
these  four  coefficients  in  order  to  maintain  their  same 
relationship  with  a^.  Doing  this:  a^  =  .3,  ap  =  -.7, 
a^  =  .7,  =  .3. 

The  procedure  discussed  above  could  be  used  to 
determine  the  first  approximate  weights  for  any  number 
of  variables.  However,  these  are  only  approximations  and 
must  be  checked  by  using  them  in  the  model  and  analyzing 
the  results  to  see  if  the  desired  policy  guidelines  are 
being  followed * 

In  this  paper  the  Initial  weights  vere  refined  as 
follows:  Using  the  values  determined  above,  assignment 
of  40  men  to  16  ships  was  accomplished  utilizing  the  program 
shown  in  Appendix  D.  This  gave  a  sample  of  640  assignments. 
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TADLlii  4- 

;a  for  Comparison  of  Assignments 


B 

5 

6  1 

7» 

8 

9 

10 

11 

uij 

0 

0 

B 

.05 

.09 

1.48 

0 

0 

8.86 

0 

0 

B 

.05 

1.00 

.52 

0 

0 

8.83 

l 

0 

0 

.26 

1.00 

.30 

0 

0 

8.5/ 

0 

0 

0 

.05 

.52 

1.00 

D 

0 

s *vr 

i 

8* 

0 

0 

0 

.05 

1.00 

.09 

0 

0 

8.39 

0 

0 

0 

.51 

.51 

1.00 

D 

0 

8.31 

0 

0 

0 

.05 

1.00 

.52 

0 

0 

8.1, 

0 

0 

0 

.05 

.52 

1.49 

0 

□ 

B.1 

0 

0 

0 

.63 

.80 

.50 

0 

0 

7.65 

0 

0 

0 

.50 

.83 

.54 

0 

0 

7.57 

N 

1 

0 

0 

.51 

1.20 

.44 

0 

0 

IX 
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Since  those  assignments  with  extremely  high  or  low 
utility  values  contribute  little  to  the  refinement  process, 
they  were  eliminated  from  the  sample.  Also  those  assignments 
having  duplicate  W  vectors  were  eliminated.  This  reduced 
the  original  sample  of  640  assignments  to  a  subsample  of 
85  assignments.  The  assignment  program  of  Appendix  D  was 
modified  to  give  an  output  (on  standard  punched  cards)  of 
the  assignment  identification  (number  of  the  man  and  ship), 
the  W  vector  describing  this  assignment,  and  the  computed 
utility  of  this  assignment.  These  pun.  '  ^d  cards  were  then 
arranged  in  order  of  descending  utility  v  ine,  sorted  by 
rate  group,  and  printed  as  shown  in  Table  4.  The  assign¬ 
ments  were  then  compared,  two  at  a  time,  to  see  if  the 
assignment  with  the  higher  computed  utility  va^ue  was  in 
fac^  preferred  to  the  assignment  with  the  lower  utility 
value.  Where  this  was  not  the  case,  the  utility  values 
were  changed  to  reflect  the  disagreement  with  the  computed 
utility  ranking.  For  example,  in  l'aole  4,  it  was  decided 
assignment  (22,11)  should  have  a  higher  utility  value  than 
assignment  (3^>13)  because  dhip  11  was  lower  in  the  rate 
^W22,li,7^»  and  rate  above  (W22  -q  g)  comparisons.  This 
outweighed  the  fact  that  for  assignment  (34,13),  the  man 
would  be  picked  up  before  deployment  (W  ,  ),  would 

receive  his  second  choice  homeport  (W^  ^),  and  would 

alleviate  a  shortage  in  the  rate  below  (W^  ^  ^).  When 
all  assignments  had  been  compared,  the  corrected  utility 
values  and  the  original  values  of  the  W^j,  variable  were 
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then  used  as  data  input  to  a  multiple  linear  regression 
computer  program,  K  generating  new  weights,  a^  ,  as  the 
regression  coefficients  of  the  linear  regression.  This 
process  was  repeated  until  the  weights  obtained  resulted 
in  satisfactory  assignments.  For  this  paper,  the  weights 
were  considered  satisfactory  when  the  number  of  utility 
values  changed  were  less  than  5$  of  the  total  number  in 
the  representative  sample.  The  evolution  of  the  weights 
which  satisfactorily  represented  the  "assignment  policy" 
of  the  authors  is  shown  in  Table  5»  Seven  iterations  were 
required.  Note  that  37  of  8j>  utility  values  were  changed 
in  the  first  iteration;  none  were  changed  in  the  final  run. 

The  evolution  as  described,  may  be  thought  of  as  a 
"feedback"  process  represented  as  a  flow  diagram  in  Fig.  1. 
It  is  evident  that  much  of  this  process  depends  on  the 
judgment  of  the  authors.  However,  it  cannot  be  too  strongly 
emphasized  that  the  same  process  can  be  carried  out  by  any 
assigner,  or  group  of  assigners,  using  policy  guidelines 
determined  by  proper  authority.  ^ 

After  the  weights  of  all  the  variables  have  been 
determined,  the  utility  of  assignment  of  the  itri  man  to 
the  jth  ship  can  be  found  by  using  equation  (1).  All  the 
utility  values  can  then  be  arranged  in  an  (n  x  m)  array  for 
the  assignment  of  n  men  to  m  ships.  Having  set  up  the  array 
as  in  Table  6,  the  objective  is  to  assign  the  men  such  that 
the  sum  of  the  utilities  is  maximized.  It  is  obvious  that 
assignments  must  be  made  sequentially  because  the  u. .  values 
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must  be  recomputed  after  each  assignment  to  reflect  cor¬ 
rected  POB-6  figures;  i.e.,  the  assignment  of  a  Bill  to  a 
ship  lowers  the  utility  of  assignment  of  any  remaining 
BM1,  BMC,  or  BM2  to  be  considered  for  that  same  ship. 


TABLE  6 

Utility  Matrix  for  Assignment 


After  the  utility  array  has  been  determined,  the 
method  of  assignment  from  this  array  will  affect  whether 
or  not  maximum  utility  is  achieved.  The  classic  linear 
programming  simplex  solution  to  the  personnel  assignment 
problem  was  not  used  because:  (1)  the  ships  have  no 
explicit  "quotas"  which  must  be  filled  or  cannot  be 


30 


exceeded,  and  (2)  the  men  do  not  have  constant  utility 
values  for  all  ships. 

Several  other  standard  methods  exist  for  obtaining 
exact  solutions  to  the  classical  assignment  problem. 
However,  the  problem  treated  in  this  paper  does  not  readily 
lend  itself  to  these  methods.  Therefore,  the  authors  con¬ 
sidered  methods  of  assignment  which  would: 

(1)  at  least  approximate  a  maximum  solution. 

(2)  minimize  computer  run  time. 

On  this  basis,  the  following  five  alternative  methods 
of  assignment  were  investigated. 

(1)  Row  Maximum 


This  was  the  simplest  method  investigated  and  was 

chosen  because  it  was  believed  to  most  nearly  simulate  the 

manual  assignment  method.  The  ith  man  is  assigned  to  the 

ship  where  i,  j  are  determined  by 

max  u  i  1,  2,  3  j  •  •  • ,  n  • 
j  ij 


This  method  looks  at  the  first  man  and  assigns  him  to 
the  ship  with  the  highest  utility.  This  man  is  deleted  from 
the  array,  the  remaining  affected  u  *s  are  recomputed,  and 
the  next  man  is  assigned  in  the  same  manner.  This  process 
is  continued  until  all  men  are  assigned.  Using  this  method 
in  the  array  of  Table  6,  ilUUYON  would  be  assigned  to  Ship 
4,  the  u^  for  the  remaining  Dll's  recomputed,  then  KULTUNAS 
would  be  assigned  to  the  ship  with  the  highest  utility 
value . 


* 
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Appendix  D  shows  the  bade  assignment  program  used 
for  all  five  methods  considered  in  this  paper*  The  appli¬ 
cation  of  a  separate  subroutine  for  each  method  allows  the 
different  methods  to  be  accomplished  by  the  computer.  In 
this  case  (How  Maximum),  the  subroutine  in  Part  1  of 
Appendix  E  is  used. 

(2)  Array  Maximum 

This  method  is  one  step  of  complexity  above  the  How 
Maximum  method.  Instead  of  looking  at  only  one  row  of  the 
array  and  picking  the  maximum,  this  method  makes  the  assign¬ 
ment  of  the  pth  man  to  the  q^*1  ship  such  that 

u _ =  max  max  u.  . 

P<J  i  3  13 

This  method  makes  the  assignment  having  the  highest 
utility  in  the  array.  The  assigned  man  is  deleted  from 


the  array,  all  the  affected  u^'s  are  recomputed,  and  the 
procedure  is  repeated  until  all  men  are  asslgneu.  In  the 
array  in  Table  6,  STEVENSON  BM2  would  be  the  first  man 
assigned,  and  would  be  assigned  to  Ship  4. 

For  computer  purposes,  the  subroutine  in  Part  2  of 
Appendix  E  is  used  for  this  method. 

( 3 )  Row- Column  Maximum 

This  method  was  investigated  because  of  the  possible 
savings  in  computer  time.  Rather  than  recompute  the 


affected  Ujj  after  each  assignment,  this  method  assigns 

up  to  m  men  before  recomputing  the  affected  u  .  The  p*'*1 

*  J 

man  is  assigned  to  the  ship  if 
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max  u 
i 


iq 


max  u 


p3 


In  this  method,  the  first  column  (first  ship)  is 
looked  at  to  see  if  the  maximum  in  that  column  is  also 
the  maximum  utility  in  it's  row.  If  it  is,  that  assign¬ 
ment  is  made  and  the  second  column,  is  checked.  If  there 
Is  no  row  and  column  maximum,  no  assignment  is  made  and 
the  program  goes  to  the  next  column.  After  all  columns 
(ships)  are  checked,  and  the  resulting  assignments  are 
made,  the  utilities  are  recomputed,  and  the  process  is 

reiterated  until  all  men  are  assigned.  In  .the  array  of 

/ 

Table  6,  columns  1  and  2  have  no  row-column  maximum. 

However,  columns  3  and  4  do,  and  COLLINS  would  be  assigned 
to  Ship  3  and  STEVENSON  to  Ship  4-.  Then  the  utilities 
would  be  recomputed  before  starting  over. 

The  subroutine  in  Part  3  of  Appendix  E  is  used  to 
perform  this  operation  on  the  computer. 

(4)  Modified  VAM 

Vogel's  Approximation  Method  (VAM)  is  a  natural  choice 
as  a  possible  solution  to  this  type  of  assignment  model 
because  it  assigns  sequentially  and  provides  a  solution 
that  is  usually  quite  close  to  optimum.  ^  It  is  also  a 
convenient  method  to  use  because  it  presents  little  program¬ 
ming  difficulty,  requires  few  iterative  operations,  and 
utilizes  minimum- time  arithmetic  operations. 

The  logic  supporting  this  method  is  that  a  near  maximum 
solution  should  be  obtained  if,  at  each  step,  the  man  is 
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assigned  who  will  incur  the  greatest  loss  of  utility  if  he 
is  assigned  to  the  ship  having  the  second  highest  utility 
for  him. 


The  VAM  method,  as  modified  for  this  paper,  computes 
in  each  row  of  the  utility  array  the  difference  between  the 
maximum  utility  and  the  next  highest  utility.  After  this 
has  been  determined  for  all  rows,  assignment  is  made  to  the 
maximum  utility  in  the  row  with  the  maximum  difference. 

The  affected  utilities  of  the  remaining  men  are  recomputed 
and  the  above  process  is  repeated  until  all  men  are  assigned. 
As  an  example,  applying  this  method  to  the  utility  array  in 
Table  6,  COLLINS  would  be  assigned  to  Ship  3* 

Appendix  D  contains  the  subroutine  which  pertains  to 
this  method  of  assignment. 

(5)  Decision  Index 

This  method  of  assigning  per  onnel  has  been  proposed 

na 

for  use  by  the  Air  Force  and  is  included  for  comparison.  u 

It  is  based  on  the  assumption  that  only  one  man  will  be 

assigned  to  any  one  job  (ship).  Ward  has  shown  that  the 

expected  value  of  the  sum  of  all  remaining  assignments  is 

maximized  by  making  the  assignment  (p,  q)  where  DI__  is  the 

Ra  pq 

maximum,  value  of  the  Decision  Index  array.  ^  J 


DI 

pq 


mu 

pq 


m 


3=1 


i=l 


(2) 


3^ 


where  m  =  number  of  ships 

n  =  number  of  men  to  be  assigned 
u  =  utility  of  assignment  of  ptn 
man  to  qth  ship 

The  Decision  Index  array  is  computed  by  use  of 
equation  (2).  The  assignment  is  made  to  the  maximum  DI, 
the  utility  array  is  recomputed,  DI  array  is  recomputed, 
and  the  procedure  is  repeated  until  all  assignments  are 
made.  As  an  example  of  this  process,  the  first  row  of 
the  Decision  Index  array  would  be  computed  from  Table  6 
as  follows: 

DI11  =  4(8'6)  “  34*4  -  77. 2  =  -77.2 

DI12  =  4(6.8)  -  34.4  -  47.2  =  -54.4 

DI  =  4(9.0)  -  34.4  -  94.5  =  -92.9 

DI  ^  =  4(10.0)  -  34.4  -  87.8  =  -82.2 

The  entire  array  must  be  computed,  in  the  manner  il¬ 
lustrated,  before  any  assignments  can  be  made.  If  DI^2 
the  maximum  of  the  array,  then  the  first  man  would  be  as¬ 
signed  to  Ship  2. 

This  assignment  method  is  accomplished  by  use  of  the 
subroutine  in  Part  4  of  Appendix  K. 

In  order  to  obtain  data  for  the  analysis  of  the  five 
methods  of  assignment,  each  method  was  applied  to  the  model, 
utilizing  the  weighting  factors  found  earlier  in  the  paper. 

First,  each  method  was  used  to  assign  the  same  sample 
of  50  men  to  16  ships.  This  sample,  designated  Group  I, 
was  composed  of  50  boatswain's  hates  of  all  pay  grades. 
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bgroup  Average  Marginal  Utilities 


Then  each  method  was  used  to  assign  another  sample  of  50 
men  to  16  ships.  This  sample,  designated  Group  II,  was 
composed  of  Boatswain's  Mates,  Quartermasters,  and  Signal¬ 
men  of  all  pay  grades.  Group  II  was  further  subdivided 
into  smaller  sets  to  investigate  the  effect  of  sample  size 
on  each  method  cf  assignment.  Using  these  subdivisions, 
each  method  was  used  to  assign  the  50  men  of  Group  II  to 
the  16  ships;  but  all  the  men  in  one  subgroup  were  assigned 
before  proceeding  to  the  next  subgroup.  The  size,  number, 
and  the  results  of  these  subdivisions  are  shown  in  Table  7« 
The  assignments  produced  by  each  method  of  assignment  for 
each  sample  cf  men  were  compared  on  the  basis  of  average 
marginal  utility  of  assignment  as  shown  in  Table  7. 

The  assignment  utility  used  in  the  five  processes  cf 
assignment  is  dependent  on  the  preceding  assignments;  i.e  , 
given  a  set  of  50  assignments  to  make,  the  utility  of  the 
16^  assignment  depends  on  the  preceding  15  assignments. 
However,  the  marginal  utility  of  any  assignment  (as  defined 
in  this  paper)  depends  on  all  49  other  assignments.  This 
m-  rginal  utility  can  be  computed  by  considering  each  man 
individually  after  all  assignments  have  been  made.  The 
procedure  would  be  to  take  the  first  assignment  and  subtract 
the  man  from  the  assigned  ship's  POB-6  figure.  Then  recom¬ 
pute  the  affected  variables  and  use  these  new  values 

to  determine  the  utility  of  that  assignment  by  the  procedure 
described  earlier  in  the  paper.  Before  going  on  to  the  next 
assignment,  the  POB-C  is  restored  to  its  initial  value. 
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It  is  obvious  that  a  comparison  based  on  marginal 
utility  of  assignment  is  preferred  because  it  eliminates 
the  effects  of  the  order  in  which  the  assignments  are  made. 

As  an  example,  assume  that  three  Boatswain's  Kates  are 
assigned  to  the  same  ship  by  different  methods  of  assign¬ 
ment  and  that  they  are  assigned  in  different  order.  This 
means  that  the  utility  of  assignment  of  each  man  is  dif¬ 
ferent  for  each  method.  However,  the  marginal  utility  of 
each  man,  as  defined  above,  will  be  identical  for  each  of 
the  methods.  Therefore,  this  gives  an  equal  basis  on  which 
to  compare  the  five  different  methods  of  assignment. 

Since  Group  I  was  composed  of  only  one  rating,  a  more 
complete  set  of  data  was  obtained  and  is  presented  in 
Tables  8  and  9.  Table  8  allows  a  comparison,  by  pay- 
grade,  of  the  distribution  of  assignment  of  Boatswain's 
Kates  to  16  ships.  Table  9  can  be  used  for  analysis  of  the 
same  set  of  assignments. 

Analysis  of  the  information  presented  in  Tables  7>  8, 
and  9  leads  to  several  conclusions  about  the  different 
methods  of  assignment.  Referring  to  Table  7,  it  can  be 
noted  that  the  VAK  method  made  assignments  which  gave  the 
maximum  average  marginal  utility  in  10  of  the  12  sets  of 
assignments  which  were  made.  This  obviously  accounts  for 
the  fact  that  the  VAM  method  also  had  the  highest  over-all 
average  marginal  utility  in  both  subgroups. 

It  can  also  be  seen  in  Table  7  that  the  Decision  Index 
method  had  the  lowest  average  marginal  utility  in  every  case. 
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TABLE  8 

Distribution  Comparison  of  Five  Methods  of  Assignment  of  50  BM's 


<D 

Ship  No. 

EDP  (before 
assign) 

POB  (before 
assign) 

No.  Assigned  by: 

Ship  No. 

EDP  (before 
assign) 

POB  (before 
assign) 

No 

.  Assigned  by:  j 

ROW 

ARRAY 

ROW- COL 

VAM 

D.  I. 

ROW 

ARRAY 

ROW- COL 

VAM 

D.  I. 

BMC 

1 

3 

0 

0 

0  0 

0 

1 

- 

0 

o  N) 

0 

0 

BM1 

5 

1 

3 

3 

l  3 

3 

7 

8 

0 

0 

0 

0 

0 
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The  utility  if  the  ryr  .a  rung  ^ree  methods  varied  with  the 
size  of  the  sample  co  he  -i  signed;  Unfortunately,  the 
variance  was  not  cl  nstc  v.nnld  not  be  defined  by 

any  of  the  usual  .hema^-icttl  techniques.  Therefore,  based 
on  the  data  in  Table  7.  the  highest  average  marginal  utility 
was  obtained  when  using  tue  VAM  method  and  the  lowest  when 
using  the  Decision  Inaex  method,  regardless  of  the  size  of 
the  sample.  Although  not  presented  in  this  paper,  the 
authors  investigated  several  other  sample  assignments. 

The  results  of  this  work  tended  to  substantiate  this 
relationship  between  the  VA14  and  Decision  Index  methods. 

Table  8  represents  a  detailed  break-down  of  the  assign¬ 
ment  of  Group  I  by  each  method.  It  can  be  seen  that  the 
Row,  Array,  Row-Column,  and  VAIi  methods  effected  a  similar 
pattern  of  assignment  distribution.  For  seven  of  the  16 
ships  the  assignments  were  identical  and  for  six  other 
ships  these  four  methods  disagreed  by  only  one  assignment 
on  each  ship.  Clearly,  on  the  basis  of  this  data,  it  is 
impossible  to  choose  any  one  method  as  better  than  the 
other  three.  On  the  other  hand,  the  pattern  of  di  tilbution 
produced  by  the  Decision  Index  method  was  definitely  in¬ 
ferior  to  the  other  four  methods.  Some  specific  evidence 
of  this  poor  distribution  can  be  seen  by  inspection  of  the 
assignments  made  to  Ships  4,  8,  and  12.  The  Decision  Index 
method  did  not  assign  nearly  enough  men  to  Ship  4  while  it 
overfilled  Ships  8  and  12.  Of  particular  note,  Ship  8  was 
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overmanned  by  four  BI 12 ' s  and  the  Decision  Index  method 
assigned  four  more  of  that  same  pay  grade.  Obviously, 
this  is  an  undesirable  assignment  pattern. 

The  assignment  methods  described  in  this  paper  each 
use  a  different  procedure  to  assign  any  given  group  of  men. 
Because  of  this  fact,  it  is  reasonable  to  expect  that  the 
order  in  which  these  men  are  assigned  will  differ  with 
each  assignment  method.  In  order  to  investigate  the  effects 
of  this  ordering,  Group  I  was  assigned  by  each  method.  The 
results  of  these  assignments  as  pertains  to  specific  param¬ 
eters  is  presented  in  Table  9» 

Looking  at  rows  (2)  and  (3)  in  Table  9,  it  can  be  seen 
that  the  Decision  Index  method  assigned  the  men  in  such  a 
manner  that  30  of  the  50  men  were  sent  to  ships  preparing 
to  deploy.  Of  these  30  men,  19  were  sent  to  ships  three 
months  or  less  before  deployment.  Recalling  that  the 
authors'  policy  was  to  fill  all  ships  preparing  to  deploy, 
the  Decision  Index  method  was  the  most  desirable  in  this 
instance.  However,  looking  down  the  list  to  row  (4),  the 
VAM  method  is  favored  over  the  other  four  methods  in  the 
fact  that  it  assigned  the  least  number  of  men  (9)  to  ships 
which  were  already  on  deployment.  Again,  this  is  a  desirable 
feature  according  to  the  authors'  policy.  At  this  point  it 
might  be  noted  that  rows  (2),  (3),  and  (4)  under  each  method 
do  not  sum  to  the  total  number  of  men  assigned.  This  is  due 
to  the  fact  that  ships  which  have  just  returned  from  a  de¬ 
ployment  do  not  have  a  firm  date  for  their  next  deployment. 
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Until  this  date  is  known  and  can  be  entered  into  the  program, 
men  assigned  to  this  ship  do  not  Tit  into  any  of  the  cate¬ 
gories  of  rows  (2),  (3),  and  C1*). 

The  results  in  row  (5)  indicate  that  the  Row-Column 
method  assigned  the  men  such  that  four  of  them  were  as¬ 
signed  to  ships  on  which  they  could  not  complete  the  deploy¬ 
ment.  Clearly,  this  is  an  undesirable  feature.  Rows  (6) 
and  (7  j  show  the  number  of  men  who  received  either  their 
fi~  it  or  second  homeport  preferences  for  the  ships  which 
were  considered.  Based  on  homeport  preferences,  the 
Dec-^len  Index  method  is  favored  because  it  assigned  all 
11  men  to  a  homeport  of  their  choice. 

Based  strictly  on  the  assignment  parameters  of  rows 
ti-.rsv.gh  (7) ,  the  Decision  Index  method  would  probably 
v  most  f  vored.  However,  when  taking  into  account  the 
W2igntmg  lactors  and  the  distribution  of  assignment 
mens  ior.ee  earlier,  row  (9)  shows  the  Decision  Index  method 
to  give  she  lowest  average  marginal  utility  of  assignment. 

The  average  a  'signment  utility  was  included  for  the  purposes 
of  c  )rr  or.,  son  jrow  ao3  and  a^so  shows  the  Decision  Index 
method  sc  Have  the  lowest  utility.  Both  rows  (9)  and  (10) 
inuic:ai.  •  tacit  the  VAK  method  is  preferred  on  the  basis  of 
highest  util it.y , 

Ai.othi. :  important  consideration  in  comparing  these  five 
methods  is  the  computer  run  time.  It  can  be  shown  that  the 
number  of  computer  operations  required  in  AUTAIi  is  not  a 
linear  function  of  the  number  of  ships  and  men,  but  rather 
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a  polynomial  involving  multiplicative  terms  of  higher  order. 
Therefore,  although  a  difference  in  run  time  of  five  seconds 
may  be  trivial  for  the  assignment  of  50  men  to  16  ships,  a 
very  significant  difference  in  run  time  could  result  when 
the  number  of  ships  and  men  is  increased  for  application 
in  the  fleet.  In  row  (11)  of  Table  9»  the  VA1!  method  is 
shown  to  have  the  shortest  computer  run  time.  Computer 
run  times  shown  in  Table  9  include  program  compiling  time, 
program  listing,  and  computation  of  marginal  utility.  By 
eliminating  the  last  two  items  and  using  a  binary  program 
deck,  nan  time  for  VAM  was  reduced  to  69  seconds. 

All  five  assignment  methods  were  capable  of  performing 
the  assignment  process.  However,  the  Decision  Index  method 
was  discounted  as  a  useful  procedure  because  of  its  poor 
assignment  distribution.  Bach  of  the  other  four  methods  was 
considered  more  effective  than  the  manual  process  of  assign¬ 
ment.  Since  the  VA11  method  achieved  the  maximum  utility  and 
required  the  minimum  computer  run  time,  it  was  chosen  for 
implementation  into  the  AUTAii  model  as  shown  in  Appendix  D. 

A  sample  printout  of  AUTAII,  showing  only  those  items  useful 
to  fjn  assigner,  is  shown  in  Appendix  F.  For  this  printout 
a  sample  of  ten  ships  and  30  men  was  used. 
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3.  Summary  and  Conclusions. 

Briefly,  the  development  of  AUTAK  was  as  follows: 

(1)  Selected  man-related  and  ship-related  parameters  were 
compared  in  order  to  derive  a  set  of  assignment  variables. 
These  variables  were  used  to  describe  the  assignment 
function. 

(2)  Weights  were  determined  for  these  variables  in  accord¬ 
ance  with  a  prescribed  assignment  "policy.” 

(3)  The  weights  and  variables  were  incorporated  into  a 
computer  program  to  compute  the  relative  utility  of  each 
assignment  of  a  given  set  of  assignments. 

(4)  Methods  of  assignment  were  investigated  to  determine 
a  method  which  would  make  optimal  assignments  and  require 
a  minimum  of  computer  run  time. 

AUTAK  was  then  derived  fi^m  the  computer  program  of 
step  (3)  combined  with  a  modified  version  of  the  Vogel 
Approximation  Method  as  applied  in  step  (4). 

AUTAK  demonstrates  the  feasibility  of  computerized 
personnel  assignment.  The  authors  do  not  claim  that  AUTAK 
is  the  only  or  best  method  of  assignment,  or  that  the 
techniques  employed  are  unique.  However,  it  is  asserted 
that  this  program  is  capable  of  duplicating  any  "assignment 
policy”  formulated  by  authoritative  sources.  In  comparison 
with  the  present  manual  methods  of  assignment,  AUTAK,  or  a 
program  similar  to  it,  has  several  major  advantages: 

(1)  Rapid.  The  most  obvious  advantage  of  a  computerized 
system  is  that  it  is  capable  of  assigning  a  given  set  of 
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men  in  only  a  fraction  of  the  time  required  hy  manual 
methods.  In  addition,  it  could  eliminate  time-consuming 
accounting  and  order-writing  procedures  by  proper  inte¬ 
gration  into  a  centralized  personnel  accounting,  distri¬ 
bution,  and  assignment  system. 

(2)  Objective.  A  properly  programmed  computerized 
assignment  process  is  much  more  objective  than  a  qualified 
assigner  because  the  computer  is  not  subject  to  outside 
influences  and  personal  feelings.  Although  it's  listed 
here  as  an  advantage,  this  cold  objectivity  of  computerized 
assignment  is  attacked  by  many  pec  le  on  the  grounds  that 
the  benefits  of  the  "human  touch"  are  being  denied  in  the 
assignment  process.  In  reality,  all  the  desirable  aspects 
of  the  "human  touch"  are  included  in  a  good  assignment 
model.  It  is  only  the  undesirable  features,  such  as  human 
boredom  and  fatigue,  which  are  eliminated  in  computerized 
assignment.  This  elimination  of  undesirable  human  factors 
leads  to  the  next  advantage. 

(3)  Consistent.  After  determining  the  variables  and  cor¬ 
responding  weights  which  effectively  describe  the  assign¬ 
ment  policy,  all  assignments  made  by  the  computer  would  be 

in  strict  accordance  with  that  policy.  This  process  requires 
that  the  same  qualitative  factors  be  considered  for  c~uh 
man  for  all  possible  assignments.  In  addition,  after  a 
specific  veight  has  been  determined  for  each  factor,  this 
weight  must  be  maintained  constant  for  all  possible  assign¬ 
ments.  Certainly  this  is  a  consistency  which  is  almost 
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impossible  for  a  man  to  accomplish.  A  man  can  only  attempt 
to  perform  the  assignment  task  through  the  tedious  process 
of  repetitive  subjective  judgments.  This  very  often  leads 
to  gross  misuse  of  available  manpower. 

The  above  arguments  in  favor  of  computerized  assign¬ 
ment  are  not  meant  to  infer  that  skilled  personnel  as- 
signers  would  no  longer  be  needed.  Although  the  number 
of  assigners  could  be  reduced,  there  would  still  be  a 
requirement  for  handling  special  assignment  problems. 

For  example,  it  must  be  recognized  that  computers  are  not 
infallible.  Therefore,  each  assignment  should  be  checked 
by  an  experienced  assigner.  This  would  be  a  rapid  spot- 
check  for  any  glaring  errors  that  would  give  evidence  of 
computer  malfunction.  Also,  the  "additional  information" 
contained  on  card(s)  5A  of  the  assignment  deck  cannot 
easily  be  processed  by  the  computer  and  may  contain  infor¬ 
mation  which  would  affect  the  suitability  of  a  given  assign¬ 
ment.  To  more  easily  examine  this  information,  it  could  be 
printed  out  with  the  computed  assignment  for  further  con¬ 
sideration  by  the  assigner. 

It  Is  obvious  that  any  assignment  policy  will  change 
over  a  period  of  time.  Kinor  changes  could  be  reflected 
by  an  adjustment  of  the  weight  for  the  affected  variable. 
However,  major  changes  of  assignment  policy  (usually  a 
result  of  foreign  conflict  or  other  emergency)  require  a 
completely  revised  set  of  weights.  In  this  case  the  entire 
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process  of  the  determination  of  weights  would  have  to  be 
repeated.  Hopefully,  this  situation  will  not  occur  often. 

This  thesis  has  attempted  to  show  that  computerized 
personnel  assignment  is  both  a  feasible  and  a  highly 
desirable  process.  On  the  basis  of  the  results  obtained 
In  the  use  of  AUTAM,  it  is  highly  recommended  that  the 
Navy  consider  implementation  of  a  program  of  this  sort. 
Proper  application  of  this  program  will  permit  full 
consideration  of  the  preferences  of  each  man  to  be  as¬ 
signed.  Simultaneously,  the  "needs  of  the  Service"  would 
be  considered  and  assignments  could  then  be  made  so  that 
the  utilization  of  manpower  would  be  greatly  increased 
while  taking  into  account  the  preferences  of  the  ..ndi- 
vidual. 
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APPENDIX  A 

PERSONNEL  ASSIGNMENT  DECK 
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(1)  Sarvloe  Nuaber. 

Print  position*  1  thru  7* 

(2)  Sex.  ‘tf'for  Wevee  leave 
blank  tor  sale. 

Print  position  8. 

(3)  Surnene,  first  nwae,  middle 
initial. 

Print  positions  9  thru  24. 


19)  Tit  'Mission  Cods  (TC)  nuabar. 

Refer  Chaptsr  24  for  TC  authority 
oodas. 

Print  positions  62  thru  66. 

(20)  Taka  up  aonth  and  year.  Estimate 
of  aonth  and  year  ths  individual 
Is  sxpaetsd-to  raport  to  new  coasund. 
Bsfar  Chaptsr  24  for  codas. 

Print  position  67~tfyy  68 


(4)  Standard  data  Abbreviation. 
Print  positions  25  thru  29. 

v5)  Kama  of  activity  whsra  ths 
individual  is  stationed. 

Print  positions  30  thru  50. 

(6)  Travel  Claai>fication  Code. 
Print  positions  51  thru  57. 

(7)  Oiatributor  received  fro*, 
defer  Chapter  24  for  code*. 
Print  positions  58  thru  60 

(8)  Month  in  which  tae  transfer  is 
to  be  executed.  Infer  Chapter 
24  for  maaerie  value  of  aonth. 
Print  position  41. 


(11)  Distributor  to  thich  an  Individual 
has  been  Made  available,  defer  to 
Chapter  24  for  distributional  codes. 
Print  positions  69  thru  71. 

(12)  Special  Category  Code.  Refer  to 
Chapter  24  tor  Codes. 

Print  position  72. 

(13)  Rets  Cods.  Par  use  by  PAW  and  other 
Machine  installations. 

Print  positions  73  thru  77. 

(14)  Runber  of  days  delay  in  reporting  to 
count  as  leave. 

PrlM  positions  78  thru  79, 

(15)  Card  Maker  1. 

PrL-t  pMtUisa  80. 

Card  U 


MitMtiiiVmitHiiiMVfHHitiiintin  iirnmiii  miiimihiimhiiVmmiiii 


(1)  Sarrtca  Mbar. 

Prist  potltlcu  1  ton  T. 

(8)  On.  Vfor  Van  a,  tlaal  far 
sals. 

Print  paaltloa  6. 

(3)  Coll  a  tad  daalgnator  stearic  cola. 

Pa  far  to  MIS  (KAVPEM  15  ,612,  Put 
I  (term))  far  Coda. 

Print  position  9- 

(1)  Uaalud  4u»»  alaaalflentlan  aoda. 

Hank  If  i~  all  napacte  ^uaJLlfla*  U 
narfona  laaalUUtad  duty.  Pa  far  to 
SKIS  (KAVUtn  15.61a,  Part  I  (1CTI71)) 
far  Cote. 

Prist  position  10. 

{3)  Srauach  and  data  of  aarrlsa  rote. 

■Ufar  to  SHIS  (MTPWS  13,612,  Port 
1  (SCTIV*))  for  Cote. 

Prist  position  11. 

(4)  m  —  rj*  Oapantfanca  atatua  note. 

Pa  far  to  SMS  (WTW  13,612,  Pnrt 
I  (PCTIY*))for  Cote. 

Pilot  position  12. 

(7)  Pro aaat  ClUtsoaklp  atatua . 

Pa  for  to  mas  (umn  15.612,  port 
X  (term))  for  cote, 
prist  position  13. 

(I)  typo  of  taeurlty  Clsaronca  te’d. 

Ptfar  to  SKU  (umn  15,6m,  pan 
X  (ACTTVt))  for  Cote. 

Prist  position  11. 

(»  Taor  of  link. 

prist  positions  13  Un  16. 

(10)  fvsl nation  of  tte  individual  as  tetnroiasd 
Op  tSa  musUh  t.Tlcar  and  acta  rat  as  s 
firs  digit  cote  as  outUsad  Is  Chapter  26. 
Prist  paaltlosa  17  ton  21. 

(11)  Idueatiteal  sod  a  vassal.  , 

Pa  for  to  Chapter  21  tor  cote. 

Prist  poaiUosa  22  tins  23. 

(It)  let! vs  duty  aSUfOtlos.  Xsalutea 
roaaVI  itaaat  asd  all  ontaaslass. 

Prist  poaltlasa  21  Ilia  13. 

(13)  la  tins  duty  law  data  (yaar). 

Prist  paalUasa  26  tea  ft. 

(11)  Prlsaiy  Psay  tall  a  ta a  dsaalflaatlea, 
teas  appllcakla.  Pa  far  Os  BC  IkSBl 

(umn  15105)  (sort so). 

Prist  pan  lows  Pd  Un  11. 

CARD  2k 


(13)  Secondary  tavy  tnltatod  Classi¬ 
fication,  teas  applicable. 

Ptfar  to  me  fciia'i  (PPtltPS  13,105) 
(sorlao). 

Prist  poaltlasa  32  Urn  33. 

(]6)  Paeons  adad  lasy  tolls  tad  Class 1- 
fl ration,  abac  applicable.  Ptfar 
to  BC  Mansi  (PPVFKPS  13.103) 
(sarlas). 

Prist  positions  36  tiro  39. 

(IT)  Iroad  duty  fra  fa  rascal  for 

pstrooenol  routine  froa  abort  la 
poo  Oat  7. 

Ptfar  to  Clop  tor  23  for  brood 
.  date  prtfonsos. 

Prist  positions  to  thro  11. 

(15)  Pour  duty  chalets  sal  school  If 
teal  rod.  Ptfar  to  tkspter  23 
for  Cotea. 

Prist  positions  12  thru  37- 

(If)  1*  poach  If  OCDIS,  otharvlaa  loavo 
blsnk. 

Prist  position  36. 

(20)  Purpow  Xdootlflcntlon  Cote. 

tefor  to  HTBSUBT  7312.5(oarloe). 
Prist  positions  39  »lru  6l- 

(A)  Month  tad  yosr  of  tetoctaost  frea 
pra  nat  eonasnd.  Pf  far  to  Okaptor 
(1  far  cote  a. 

Prist  positions  dr  thro  63. 

(B)  Patiolty  procnaatag  code  ants  rod 
sat  usd  only  by  PPKX  oad  otter 
aacblas  UotsllsUaso. 

prist  post  Vi  css  61  thru  66. 

(■3)  Btttrlbntor  test  as  1*  telsg 

ante  avalist  la.  Ptfor  to  Chap  tar 

21  for  codas. 

Prist  poaltlasa  69  ton  Tl. 

(16)  art elsl  cstagory  Cote.  Bsfbr  6s 
CtspWr  21  for  oaten. 

prist  paaltlosa  72. 

(•3)  Pats  Cote,  ter  a as  by  PPKX  tad 
otter  sochi as  UatsllaUosa. 
prut  pool  class  T3  ton  77- 

(B)  DtW  card  ariglaaUy  outelttad 
to  PPM.  Ptfor  to  Chapter  21 
for  Cote. 

Prist  positions  7*  ton  79. 

(IT)  Can  water  I. 

mart  pool  U  as  It, 
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(1)  Service  number. 

Print  position*  1  thru  7. 

(2)  Sex.  for  naves,  leave 
blank  for  male. 

Print  position  0. 

0)  The  pest  ten  years  of  duty 

station  history  as  transcribed 
froa  individual's  service 
Jacket.  Coded  in  acconlance 
with  instruction*  contained  in 
Chapter  24. 

Print  position*  9  thru  08. 


(5)  Special  Category  Cod*. 

.  Safer  Chapter  24  for 

special  codes. 

Print  position  72. 

(6)  Rat*  Cod*,  for  us*  by  PAM 
and  other  a*  chin#  Installations 
Print  positions  73  thru 

(7)  Leave  blank. 

Print  positions  78  thru  79* 

(0)  Card  number  3. 

Print  position  10. 


(4)  Distributor  to  which  individuals 
hvs  been  nods  available.  Refer 
to  Chapter  24  for  Codas, 

Print  positions  69  thru  71. 


CAE)  31 
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(lj  Service  number. 

Print  positions  1  thru  7. 

U)  Sex.  "a"  for  **v*s,  leave 
blank  for  male. 

Print  poeition  8. 

(3)  Schools  attended,  list  in 
inverse  order  of  attendance. 

Refer  to  Chapter  25  for  Codes. 
Print  position  9  thru  68. 

(4)  Distributor  to  which  an  individual 
has  been  made  available,  iofer  to 
Chapter  24  for  Codes. 

Print  positions  69  thru  71. 


(5)  Special  Category  Code, 
if  applicable.  Hefer  to 
Chapter  24  for  special 
category  oodes. 

Print  position  72. 

(6)  Rate  Code.  For  use  by  PAHI  and 
other  Machine  installations. 
Print  position  73  thru  77. 

(7)  leave  blank. 

Print  position  78  thiu  79. 

(8)  Card  number  *4*. 

Print  position  80. 


CARD  4A 
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(1)  Service  number. 

Print  position  1  thru  7. 

U)  Sax.  "W*  for  Waves,  leave- 
blanlc  for  males. 

Print  position  8. 

(3)  Additional  information 
Additional  oo saints. 

Print  positions  9  thru  60. 

U)  Distributor  to  Wuv.  an  individual 
has  been  made  available,  (defer 
to  Chapter  24  for  distributional  \ 
Codes)  \ f 

Print  positions  69  thru  71« 


(5)  Special  Category  Code.  (Refer 
to  Chapter  24  for  Codes). 

Print  Position  72. 

(6)  Rats  Cods.  For  use  by  PAW  and 
other  machine  installations. 
Print  position  73  thru  77. 

(7)  Consecutive  card  number. 

Print  positions  7*  thru  79. 

(•)  Card  number  "5" 

Print  position  10. 


GAXD  5A 


55 


APPENDIX  B 


CODES  USED  IN  ASSIGNMENT  DECK 

Month  Codes 


Month 

Code 

January 

1 

February 

2 

March 

3 

April 

4 

May 

5 

June 

6 

July 

7 

August 

8 

September 

9 

October 

0  (zero 

November 

J 

December 

B 

Bate 

Codes 

Kate 

Code 

BMC 

01001 

DM1 

01002 

BK2 

01003 

BK3 

01004 

BKSN 

01005 
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Hate  Codes 


Rate 

Code 

QMC 

02001 

qmi 

02002 

QM2 

02003 

QM3 

02004 

QESN 

0200? 

SMC 

02501 

SKI 

02502 

SM2 

02503 

SM3 

02504 

SMSN 

02505 
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Horn*  Port  Codot 

A.  . ANT  PORT,  ATLANTIC  FUST. 

B. .,. . NEW  CONSTRUCTION,  ATLANTIC  FLEET. 

C . BOSTON,  MASS.  INCLUDES  PORTSMOUTH,  N.  H. 

D  •  •  •  NEW  LONDON  CONN* 

X*..'!!!.*!!!!!.’!."!  NEWPORT,  R.’  I.,  INCLUDES  QUONSBT  POINT,  R.  1.,  DAVISVUIE,  R.  I., 

PROVIDENCE,  R.  I.,  FALL  RIVER,  MASS. 

F . . . NEK  YORK,  N.  Y.,  INCLUDES  JAUAICA,  N.  Y.,  FORT SCHUYLER,  X.  X., 

PERTH  AMBOY,  N.  J.  PORT  NEWARK,  X.  J. 

0 . PHILADELPHIA,  PA.,  INCLUDES  ATLANTIC  CITY,  X.  J.,  TRENT  ION,  X.  J., 

LAXEHURST,  N.  J. 

H . WASHINGTON,  D.  C.,  INCLUDES  PATUEXNT  RIVER,  ID.,  BALTIMORE,  UD., 

I . NORFOLK,  VA.,  INCUDES  NEWPORT  NEWS,  VA.,  DAM  KECK,  VA.,  LITHE 

CREEK,  VA.,  OCEANA,  VA.,  FORT  STOREY,  VA. 

J . YORKTOWN,  VA.,  INCUDES  CHINCOTEAGUE,  VA. 

K . . CHARLESTON,  S.  C.  INCLUDES  BEAUFORT,  S.  C.,  WILMINGTON,  X.  C., 

CHERRY  POINT,  N.  C. 

L . . . JACKSONVILLE,  FLA.,  INCLUDES  UAYPORT,  FLA.,  GREEN  COVE  SPRINGS, 

FLA.,  SANFORD,  FLA.,  GLYNCO,  GA. 

U . BRUNSWICK,  US.,  INCLUDES  PORTLA M>,  US. 

X . NEW  ORLEANS,  LA.,  INCLUDES  PENSACOLA,  FLA.,  ST.  PETERSBURG,  FLA. 

PANAMA  CITT,  FLA.,  MOBILE,  ALA.,  HOUSTON,  TEX.,  GALVESTON, 
TEX.,  PASCAGOULA,  MISS. 

P . MIAMI,  FLA.,  INCLUDBS  PORT  EVERGLADES,  FLA.,  KEY  WEST,  FLA. 

Q . CHICAGO,  ILL.,  INCLUDES  GREAT  LAKES,  ILL.,  MILWAUKEE,  WISC., 

SHEBOYGAN,  WISC.,  DETROIT,  MICH.,  UNTON  HARBOR,  MICH., 
TOLEDO,  OHIO,  CLEVELAND,  OHIO,  ROCHESTER,  N.  I. 

R . OVERSEAS  ATLANTIC,  INCLUDES  ANY  HOEPORT  OVERSEAS  IN  THE 

ATLANTIC  OCEAN  OR  UEDITSRRAUAN  SEA. 

0 . NO  PREFERENCE,  EITHER  FLEET,  ANY  PORT. 

S . OVERSEAS  PACIFIC,  INCLUDES  ANY  HCMEPORT  OVERSEAS  IN  THE  PACIFIC 

OCEAN  OR  INDIAN  OCEAN. 

T . ANY  PORT,  PACIFIC  FUST. 

U . NEW  CONSTRUCTION,  PACIFIC  FUST. 

V . SEATTLE,  WASH.,  INCLUDES  PUGET  SOUND,  WASH.,  EVERETT,  WASH., 

BREMERTON,  WASH.,  WHIDBEY  ISLAM),  WASH.,  ASTORIA,  ORE., 
PORTLAND,  ORE.,  TONGUE  POINT,  ORE. 

W . SAN  FRANCISCO,  CALIF.,  INCLUDES  HARE  ISLAM),  CALIF.,  VALIXJO, 

CALIF.,  ALAMEDA,  CALIF.,  CONCORD,  CALIF.,  MOFFETT  FIELD, 
CALIF. ,  STOCKTON,  CALIF. 

X . LONG  BEACH,  CALIF.,  INCLUDES  SAN  BORO,  CALIF.,  POINT  UUGU, 

CALIF.,  PORT  HUUSMI,  CALIF.,  LOS  ALAUITOS,  CALIF. 

X . SAN  DIEGO,  CALIF.,  DCUttS  NORTH  OLA®,  CALIF.,  MIRAMAR,  CALIF., 

BEAU  FIELD,  CALIF,  BROWN  FOLD,  CALIF. 

Z . PEARL  HARBOR,  HAWAII,  INCLUDES  BARBERS  POINT,  HAMAH. 
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DATA  DECK  ORDER  AND  FORMAT  DESCRIPTION 


Card  No. 

Description 

Column  No. 
(Inclusive) 

Field 

Speci¬ 

fication 

1 

Control  Card 

No.  sets  of  data  (NSET) 

9,10 

110 

No.  of  ships  (II SHIP) 

19,20 

110 

2 

Ship  Information  (KS) 

Hull  no • ,  name 

1-16 

A8 

Deploy  month  (code) 

21 

A8 

Deploy  year  " 

22 

11 

Return  month  " 

31 

A1 

Return  year  " 

32 

11 

Ilomeport  " 

41 

A1 

Ship  identity  no. 

44-45 

12 

(one  card  for  each  ship) 

3 

EDP-POD  Information 

(a) 

EDP-  DEC 

1-4 

F4.0 

BK1 

5-8 

tt 

BE2 

9-12 

II 

DM3 

13-16 

II 

BMSN 

17-20 

It 

QKC 

21-24 

11 

qmi 

25-28 

II 
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(b) 
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Description 

Column  Ho. 
(Inclusive 

EDP-  QM2 

29-32 

QH3 

33-36 

QKSN 

37-40 

SIX 

41-44 

SMI 

45-48 

SE2 

49-52 

SM3 

53-56 

SMSH 

57-60 

Ship  identity  no. 

69-76 

(one  card  for  each  ship) 

POB  -  exactly  same  format 

as  above 

(one  card  for  each  ship) 

W^i^hts  -  aQ 

1-5 

al 

6-10 

a2 

11-15 

a3 

16-20 

a4 

21-25 

a5 

26-30 

a6 

31-35 

a7 

36-40 

a8 

41-45 

a9 

46-50 

a10 

51-55 

all 

56-60 

Field 

Speci- 

flcation 

F4.0 


A8 


F5.2 
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Field 

Column  No.  Speci- 

Card  No.  Description  (Inclusive)  ficatlon 

5  No.  of  men  in  set  9?10  HO 

6  Assignment  cards  1A  and  2A  for 
each  man.  Format  in  accordance 
with  Appendix  A. 

Repeat  5  and  6  for  each  set  of  men  to 
be  assigned. 


61 


APPENDIX  C 


1  030  1 

1  OOO  1 

* 

l  r-cr  i 

i  H0, 1 

1  r-ao  i 

1  M03  1 

i  r-r-  i 

•  N-r-  i 

1  N--0  | 

•  M-O  1 

>  i 

i  t>-in  i 

i  Mm  i 

1  t~st  1 

1  1 

1  M«3  | 

t  M*i  i 

1  N-CM  1 

i  m<m  1 

1  i 

1  M—  1 

i  m!—  i 

1  \ 

1  N-  "i  t 

i  Ho  i 

j  c 

1  -OCT-  1 

i  ■oo<  i 

i  i 

1  OCO  i 

I  -OOO  t 

:  J 

I  <or>-  i 

1  -CM  1 

;  { 

1  OO  I 

1  -0-0  1 

1  -003  I 

i  -om  i 

1  -0.*  I 

1  -0-4  1 

i 

1  -OfO  I 

i  -o  m  i 

1  -OCM  1 

1  -OCM  i 

1  -Or-  1 

1  -o—  1 

i 

t  -on  i 

1  -oo  1 

i  4 ne>  i 

1  mor-  1 

i  in  co  i 

i  mco  i 

:  J 

i  mn- 1 

i  mn- 1 

i 

ST 

i  m-o  i 

i  m-o  i 

< 

i  mm  i 

i  mm  i 

V- 

i  in^-  i 

i  m  ^T  i 

z> 

|  i/linm  1 

i  i/nnm  i 

< 

i  omcM  i 

i  amcM  i 

i  am—  i 

l  am—  i 

i 

i  «iino  i 

i  <mc  i 

j 

< 

1  O  stO'  1 

l  ustct  i 

1 

a 

i  J-co  1 

1  St  CO  1 

o 

i  <.*n-  i 

i  <-4n-  i  n- 

— mmcu 

OCO-OitCM 

1  k.  v/">  i 

1  U  -f  -/)  1 

u 

a 

1  -J  v»  | 

l  i 

1  r-  j  ’■u  | 

i  «.4m  i 

l 

a.. 

i  .j--?  i 

;  03|j  i 

1  strO  1 

i  -4m  i 

i 

rv 

1  rV  *<\l  1 

l  (Vja-cM  i 

k 

O 

1  0-4—  1 

1  0-4—  1  > 

jocmx 

X>-3t>- 

it 

1 

U. 

1  U.JO  1 

1  U-^O  1 

j 

I  mo-  i 

i  mcr  i 

*  1 

V 

i  xm oo  i 

i  xmco  i 

U 

l  iumr-  i 

l  Lump-  i 

LU 

1  OMO  1 

i  om-o  i 

o 

l  zmm  i 

t  zmm  i 

1 

1  — >m.4  | 

|  N(04  | 

1 

i 

< 

i  mm  i 

l  mm  i 

' 

i  zmcsi  i 

i  zmcM  i  -o 

ON-ON 

-on- om-o 

:  I 

< 

i  xm—  i 

»  £fl-  1  ■Or04-0-0 

N-mo>  coco 

1 

o: 

i  omo  i 

1  3(00  1 

i 

1  -J0M0  1 

1  -KM  O-  I 

UJ 

1  OCMCO  1 

i  qcmco  i 

j  _ 

-J 

1  UlMf-  | 

1  OOJN-  1 

1 

a1 

1  CM-O  1 

1  CM-O  1 

!  1 

j: 

I  cum  i 

I  iMm  i 

1  ] 

< 

1  rgj-  l 

1  CM  4?  I 

1  | 

«✓> 

I  <\im  i 

i  cMm  i 

i  i 

1  <M<M  1 

CM 

i  cm cm  t  mm-om-o 

-o-omm 

m 

j  1 

1  CM—  | 

1  CM—  I  OCO  O' CO”) 

—mco  st 

-> 

I 

1  CM  O  1  O 

• 

1  CMO  1 

i 

r~ 

1  —O'  1  — 

a 

1  —O'  1 

‘ 

i 

1  —00  1 

z* 

1  —00  1 

• 

1  — M  1 

1  — N  1 

j 

o 

1  — -O  1 

H  t  < — o  i 

j 

z 

I  —  m  i 

iSI 

i  —in  i 

.  i  —st  i 

w 

i  —4  i 

o 

i  — m  j 

q  l  — m  i 

, 

a 

1  —CM  1 

03  1  —CM  1 

►— 

< 

i  — —  t 

< 

.•  —  i 

*-  o 

; 

u 

1  — <3  1  —1 

u 

1  — O  1 

CC 

-u_ia<o 

i  dcr  i 

I  c-cr  i  u.oo<<«-*ii»-— > 

< 

1  OOO  | 

< 

i  CCD  1  JJIOUhXJ< 

; 

l  or-  i 

H 

1  OK  1  o*-*o  </)►-* 

oooiua 

I 

< 

1  0-0  1 

< 

<  0-0  1  O)Ciu0-J~)XU.Q(0 

o 

l  om  t 

a 

I  om i  i  i  ; 

i  ost  i 

i  oa l  mmmmmmmmmm 

1 

i  om  i 

i  om  t  mmmtnmmmmmm 

1  OCM  | 

t  o<M  i  a 

n 

n 

n 

n 

n 

1 

1  O—  1 

i  ©*-  •  \ 

•  ! 

: 

62 


I 

I 


APPENDIX  C 


I 


i 

i 

i 


,\ 


i 


i 


i 


o 

z 


o 

C£ 

< 

o 

< 

K* 

< 

a 


i 


i 

I 

r-*-inmcMoooo.*c'ji 

UJUJUJUJUJUJUJUiUJUJ 


CMM^-orOr^<\KNKMK) 


toxov-st  sttoanx  4 


-oi 


r-r^-or-^r-f-oo 


T 


'•O-OOP'-'-OQ 


st  rna—*  ,rp^  i>o»n 


OOOOOOOOOQ 


•-OOOOO-r-rt 


CMOO'OO'doj^-mrO 
K)*—r~  r“»«|K)WV«k 

00  coin  a  00  00  <D  O'  00  oO 


o.»otNi.*j»ooini/) 


CM*-0 1* 


O4o*~ 


1  «o 

I  N*0« 
I  Nto 

j  SN 

|  f*- O 

1  r»Lf> 

1 

t  K»fO 
I  K*C\| 
I  f~— 
1  K-> 

I  OO' 
I  0<X> 
»  Of- 
I  00 
1  <5  in 
I  -Ost 
1  om 
I  Or\l 
I  0— 
I  -oo 
1  in  0 
1  inco 
1  inN- 
1  ino 
1  in  in 
1  in  st 
1  mmm 
l  Qmrj 
)  ocinr- 
1  «riro 

I  U-tCT' 

1  ^00 

1  <^r- 
|  l-^-O 
1  <sttn 
1  astsx 
1  .**0 

•  -*  *r\j 

I  OJt— 
I  U.  J-O 
I  I'OO' 
1  xmoo 
I  turOK- 

1  omo 
4  zmm 
|  wrOJ- 
1  w)in 
I  Zrn<M 
I  £tO»- 
I  D'Oo 
I  -JnjO' 

I  OOJCO 
I  UiNr- 
l  040 
I  ojm 
I  (Slst 
I  OJM 
I  OJOJ 
I  CM*- 
I  OJO 
I  <-*0' 

I  r-'CO 
|  *—K- 

I  r  *  «0 

i  m 


— m 

«-*iN 


<-0 

OO' 

000 

OK 

OO 

Orn 

o* 

OKI 


A 


-> 


63 


APPENDIX  C 


cOO  I 

I 

0*co  | 
Kb*  I 
hk'O  I 

him  » 

N>-*  I 
f^ro  | 
N'fVJ  I 
r-—  i 

N'  T  I 
>OC'  I 
•OOO  I 
>0N  I 
OO  I 
Om  I 
OJt  I 
■OKI  I 
>0<M  I 
-O—  I 
>00  I 
iOO>  I 

moo  i 
mo-  i 
m-o  i 
mm  i 
mj  i 
i/iirtio  i 

omcM  i 
a:mr-  i 

<mo  i 
o^o>  i 
j-oo  | 
i 

t-.*o  i 
<jm  i 
i 
i 

r*  I 
0*»“  I 
0.40  I 
mo>  i 
xmco  i 

UJrOh-  I 
OpOO  I 
Zr om  I 
-rO*  l 
popo  l 
ZpO|<\I  I 
zm—  i 
Dm  "3  I 

_JCSI0>  I 
OOsJOO  I 
UCVP-  I 
CSO  I 

<\im  i 

04 -S  i 
rgm  i 
rsjcM  l 
<N'“  I 
<40  ( 

•—O'  I 
t—  O  I 
— p-  I 
P— O  I 

•— m  i 

r—  I 
— rn  I 
>— CM  i 
*—  I 
•— O  I 
OtP  I 
OOO  I 
00-  I 
O'O  I 

om  i 
o*  i 
om  i 
004  i 

r 


64 


DATA  CARD(S)  NO 


APPENDIX  C 


ill! 

•“CM.— CM'-CM.-OM^-CM'-CM^'CM'-OM'-CM*— CM'-CM'-CM.-CM^'CM.— CM  I 

in  -vnomm  o  in  m  in  mmamo  in  in  in  o  I 

r»*  J  "i T-  Oi—  Of—  rM  r—OOTim  f—  r—  m  I 

eMnimmmmcM<\i  9  Jt  *  *  *  *  *  *ininmNiNiNi~»-r 


dooododo^SSSoooiSO'jci 


mmmCMCMi— »-CMCMmm.#Mf  I  r-r» 
OOOOQOOOOOOOO  I  e—O 


ooinuii/iirtor'oononooooDininannnnnnoon  i 
«—•— CM  CM  CM  CM'"  r-r—f-"— f—r—'—CMCJ^_^fM  CM  CM<M»-^*r->-- (\|  CM I 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOO I 

LLULU.IL  :  >->-  l  I  >>>->•  I 

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmm  i 

ow>i3  j moo  »-)on -s -j ->ooo  v»oo  moo  i 

•ocMmj-m  -oj-moO'O'O'OJMn  inc\jm  •ocMo-a,'0>om 


foc“>o*3  mooeommmmco  n^ooojtts4*->eotsiN-co 
mmino-im  mom-om'-mr- m  m»—  m-^inmn*— mmm 
mmac-co  mh-oh-mmmKco  como'CMm.tfin'— in^eo 

O'UOUff'  O'UOUO'OO'UO’ 


M 

m*OCMOCM 

m  cm 

CD 

CL ->  CO  ”4  CO 

Cl  co 

CM 

“5  CD  “JCO  CM 

O  OCM 

O 

mzr-zo 

moo 

m 

i-  CM»-  CM  CM- 

cMZm 

o 

w  #•—  r* 
<  . 

-  a 

h- 

I  r-rnf-. 

m  ; 

hJ 

i 

-OO  I  ■ 

<f  “><  X 

a:  oo<  h- 

•ou.  ooT-oa 

cl  ooCltO 

OCL  OfiMOJ 


CD  Q. 
CM  ~i 

o  m 
*—  o 
*“  4 


•o 
sf 
m 
co 

^UO'NO'lff'UO'UO'  O' 
CM'OCMtACM  CM  CM  CM  CM 
cd  cd  n.  a 
CO  —  1  CM 

a  o  m  m 


CO -70.  O'  CD 
ooacMCM 
cozHjtm 
mcM«-|CMO 
a  *4  j* 


o 

-j 

Q 

•O 


CM> 

mu 


3 


—  Q 

-  4 


o 

•S- 


!UJ 

O  V-.  < 

tL  >  <* 

ocj’OW'On 
U-CM<J3-0CO  -J 
l-CM<CO<C-aCui 

<a->— u.m<x 

41-hSWO 

QQ.l-m<UOCL- 

ozo  :u.x«H 
icdo—  ;t-occ 
m  !oi-x»-<coin 
<rx*cn« 


< 

•4 

•o  o-> 

-OOJWJ  CMUJ 

•  ”'mm>uj  >o«-« 
m>-  <CMX'OU  r~SL^“<X 
m->  nosc  iici<s  <_j 
ueoi<nu-iu<  t-u>uiLh-i  ooC 

Ut-<  Q  O  >uu  <M  < 

2  0  a  eoz  X 
3 in  a  ouo  i-  moot  ] 

-i<fn«fTnmQ  vzniMjn  _ 

UJ«OXo>«3Z  3X01X3;  <Ql->Kcm  >- 
jaUiXKOCNOnz-^  I  >OQ>uiCM  3Z> 

— ooi  u-aruJOZ"'  ^1"-’ 
a.  ana  m  u.  _j  iu 
u  ino_i  <n  Z  p 

o  <  a.’  <  I  _ 

lUO<o<OKO<OOOmOa  <0UJ0CM03CM<CMd 
mOH-OL-  Ol/lOt-O  n  OH  e-OCDO  OC»:4-CL-*r-i  1- 

<oinoinozo<noxc»xOrJ  mojo  o  m  mH  m 
fflo>o>ozo>QZoroa!  >o  ooommi/ima.1  > 
oo<o<oOa<omoino<<n<oinoino<oi-o<o< 
mZOZOUOZODnSOLOZOZOJOZOOOhOZ 

o  o  o  ;©  o  o  o  to  o  o  o  o  o  o 

3  O  O  O  O  O  O  IOZO  ;0  O  O  O  O 

r-cncMiniMN— cnmo'mcnmcommmo'cMm^-crufMr-ifCMmm 
XL*xoxmx.*:E<nxmxm:Eoxmxmxinr.*x.*:emx 
socomr-inO'cacoGDO'iOh-cocoarh-cooinh-Oh-cDh-coh-ah-eoeo  I 


coo 

h-0' 

SCO 


cc 

o 

Z 


u 

<  h- 


LU 

in 

z 

o 


z 

< 

in 


* 

< 

n 

< 


n-i n 

h-j- 

h-m 

h-CM 
h-<~ 
i-o 
oo 
ooo 

•Oh' 

OO 

•om 

■Oj} 

•om 

•OCM 
•o— 
•OO 
m  O' 
m  oo 
me¬ 
mo 
mm 

KW 

ijmmm 
i  omcM 
i.ocm.- 
i!<mo 

llOLtO' 
t!  -4  CO 
i  <-4h- 
|t— Jt-O 

l  xiLtm 

i  J»m 
I  .nr  rtfM 
lO^— 
IU.J-Q 

ij  mo' 
iixmco 

l,uimh> 

|Omo 

l  zmm 

1-1*14 
i  mm 
ilzmcM 
llt'O- 


'■  o 

•—  CM 


•o  *-  r- 

Oo  O  r- 
•  1“  O  O  41 

>-ino  o  m 

Z>— OIOU-.  XCM  X 

Zr-jo  o  m 


ico  m 
cm  m 
'cm  m 
cm  m 
m  m 


o  '>o  ■»  ico  m  r-  co  :ao  m  j-o  h-  k- 

1  CMUJO  *-  k*  r-  1 

e—  V“  r—  k-  i— 

OOCM  *-  k- 

o-»m  cm  k  *- 

CM  OO  U.O<CM  Lt  —  CM 

XiM-jm  |  oZ<M-!m<— q:<m 

cMLuma  xoomacMX'-ocMCL 


O  I 

QC  I 

“J  | 

-J  I 

M  | 


LJC'a-oKeoaZ-Znl'-  !  cMQm<>- ocmz-o  t 

x<M<m  mu-cMO j Q  am  mx^uicMujcMX  o  i 
Toy  O  mnm  v  oc  uj  v  i »  lOin  ;  Z  i 

UJOUOO  XoCloqCOUJOO  U  UJO  OZO<iO<n  <  I 
am  jtJN<NZoui*--  Tu-ozm  J*n<m<o -imzmj>- i 
0*->-m>-»-Xf-Or-Q^-r  lL*-UJr-0“0»-Q:»-_l*-X*-0—  i 

o  «x  <  <  xoz  noa  3  ui  <  «  oozo  i 

xxi-z>-<xc.oina>co  >ma  iu  i 

i  i 

coaocMcMmmmmmmmmcMcMmmOommmmcMCM^r— o-oh-h-  I 
oo  oooooo*- >~cm  cm  cm  cm  cMCMmmmmmmLfjy^Lfmmmin  i 
J'jicococococMcMaoooo'O'O'O'O'O'mmo'O'h-f'-cMoummcMCMmm  i 
Lj’^cocoO'O^-f  oooocoj’JtmmcocoO'Ommo'O'O'O'N^-mm  i 
coco»-»— ^^■mmoooo^-“,o-oO'0'0'0'j»j4,<McMmm»-r—mm  i 
»-f-mme-p-0'0'jy  jy  cm  cmcm  cm  oo  co»-^-j-.f  oo  co  mmooe-M^h-h-  i 
h-h-jr  jfmmO'^mmmmmm'OO^* 


rr-K^rf'C'Oinmirtmcoco  l 


31*10 
-ICMOi 
OCMOO 
lUCMh- 
CMO 
CMm 
CM  ^4 

cMm 

CMOM 
<M«— 
CMO 
r— O' 

—m 

.-r- 

«-o 

•-m 

r—  3 

*-m 

»-CM 

i  ■ 

f”0 

oo 

oco 

ON 

oo 

om 

om 

OCM 

o»* 


65 


-DATA  CARD!  S  >  NO 


APPENDIX  C 


i  !  1  t  j  I  !  J 

<-*(N'-lM'-*CM'-<M—<Mf-(M'“CM.-(M'-eMf-»<M*-CMMCM«-<N»-*(N'-CM  [ 

m  omul  i 

**•  p—  K1  *-  I'l  f>  rt  !“  ^  I"  I 

i/\  lO  J*  J»  Jt  Jt  lO  mrOrOCM  CM  3>,*:0.*Wrn  CM  CM  »OrO  CM  CMrOm  I 

oooneo  soooooooaoooorjoooooooooo  i 

nniniflonaannaAO^OniTiim/)^oncnoriaooo  i; 

r—  r—  ^  Jr—*— r-*r— r~»— '-fr—r— r— CM(NJ(\)(\J(NJ(\Jr— f— ‘r——- r— r— r— r“f— r—  1 


m  0'00c>'00o 
ocomromofM^ -a 
i  n  j- m  i  mn  ^  m  co  i  n 
O' <M*ncoinf  moo® 
O'NO'UOUO'OO' 
CMMACM  cm  <n  N 
Q.NCC  09  CO  CL 
OfMCN  CM  o-  CM 

r-j-o  o  o  m 

r— (MO  f»  O  O 


lAO'Ofn-o-omh-'Oinind-'OcO'OO'O'O  i; 
cof'-.aoror-cficoroeoocoroo.a.a'rcv-  |, 
cninin^tinnirtriin'Oinninf-in^tinm  h 
inj»in<jinN.»noina  oeomN.iAr-m*»  i 
o'oo'a.ouoijouououoo.o'o  ii 

CM  CM  CM  N  CM  mmcM  CM  CM  F 

(0  CO  CO  ai  CO  CLOCD  CO  to  r 

CM  CM  ~>  CM  QOCM  CM  CM  I 
O  »)  O  N  f  300  ro  o  I, 

*o  a  —  4  oo  mzr-  o  —  i 

0.4>—  aOf4*—  .40  li 


:  <  •< 

CL 

!  -oi/)-o»-«'0 

O-OO-Q  O 
_jCOt— 004 
io<n>j»<co 
;«joqdv-  oo 
!>ouooo 

O  CL  |OU 
i  OCQ  |  Q 
-JU.O  _J 
THtfO-Cvy 

m3  a-cCaiQ 

Oxmo  ujm 


«-*  <.  !  <  «tf 

Q  <  <  l<  < 

<o  02: 0— ><)-><>-> 
c  MO'O  NOin 
MSOoosQaxtcoo 
<ioQavooou>o< 
ax-oor-  oc5c 
OO^AOU<JJO0£ 

<  >■  i  v_iu_ju  < 

M  I  0«uj4 
amm_jau>0>  uj 


<  <  1  o  <1:  i/nnm 
cl  <  i  <  a.  1  Qlhcm 
LO-o-o-oa-om  1  o£u">«— 

cocoi/>ucd-oo  1  <310 

i-ou.ij-<  toaO' 
v»-«.4xrooi  400 

_JC-  •“‘Of-  I  <41^- 

Moocaoum  (|mj-o 
xuj<  I  xm<  1  <4m 
£1  '  oa  10^0 

hujoioso  c  4m 


V  «rm<r  j>  n  ii»  <r  1  V7n<Tiii<r  1'  0/40.1 
<M3I>JUJ'-0>-l6X  »X>LU3Q.r-ZM  1  Otf- 

>-«>  CL 3>— _JXLLj3  lOUJ>OX<'-  OC  I  IL40 

a  >  uj  u.  3  cc  i  3  <  (  m  o> 

O  ui  Z  T  UJ  >-  a)  OMi:  xroco 

XX  I  <  _j  ro  \  cC  |  i/>  1  aimr- 

cm  uj  |  a  o  0  o  1,  a  mo 

ZOMOCCOljOZOWiOhO-tlOcCO  l|  ZMiO 
IM  ©OrOO  O«iOOOOOi0O>4aOO  IHIOJ 
11/)  o  ! oiflOiLOtcoioio  Im  oil  nvo 
i>  oociJo<o>o<o>oxou.in3o  i-ziocm 
i<  ocowo<o<occo<nooHnvo  1 110- 


3 

M 

a 

a 

> 

UJ 

U. 

ID 

OC 

z 

0 

IU 

z 

r 

o: 

O 

*— 4 

X 

X 

< 

0 

CL 

X 

I'M 

UJ 

Jozn; 


■o2oo'i< 

O  lo  OIO  OIO  Old  Olj-JCMO 
olo  OIO  OIO  ©I©  O  I  OCM00 
CMCM-»0'rOCOrOCMCMf-»-fM9CM4f**<7'CM4  !  OCMM 

acinXinxinzox'nac^arinxj'Siin  1  cmo 


000 1 oron 

d  Ol  -JCMO 


0 

I  cm 

co 

N- 

CD 

0 

CM 

Tf-  f-  )*- 

ro  1 

CM  St 

r— 

1 

CM 

CM 

o* 

1 

•— 

— 

O 

—  •! 

CNJrO 

»-• 

! 

CM 

CM 

|f- 

fO 

*- 1 

CM  CM 

e- 

at 

CM 

CM 

r— 

1  f- 

^•0 

z 

ro 

f—  1 

CVJf— 

CNJ 

m 

rO 

CNJ 

!*- 

ro* 

>  m 

ro 

ro  1 

(MO 

T** 

-> 

m 

ro 

lo 

CM 

1  ro 

ro 

J4  1 

4  aiozo3oino<t  zocMocscoiJozO'noMO'-fcnoco  i| 

r-  COO<OUJO<OM  OOtOo  0«t00000irt0'4400  1 

—  -10  nzoJniO  o  1  o/iou.ok;oxoio  |ro  oil 
Cl  ollo  >r  n>  oooJo<o>o<o>oxou,ir>3o  l| 
<O^Q<3i/9/IO<  0COWO<O<OCCO<nDOHnvO  I 
mozozo zozoz  ooqozo2oi-o2oy'i<fo3o  1 
o  o  —  Cj  ol  olo  010  010  olo  or 

zo  o  o  I  o  -os?  olo  o!o  olo  ©  |o  on 

1/iOtOcglCtM  imfClOt/l  CMCM*— CTCOCOrOlNCM— -f—M3CM4f*C7'r.J4  M 
sr-oZ'OiiS^j^s;  ZinXinarinzox'nsjt  zmx^zin  1 
c00'i0-0c0s.air'C0a0t0f,-®c0C>c0i/>r^Li>Mc0c-ep>0c00'a)0'cDo  1 
-lUJin  O'  o  f-  J  CM  CO  N-  aoio  CM  Tr-  f-  ]f-  K)| 

CM  m  —  I  CM  CM  —  o  1; 

X—  ro  ~  1  cm  n  *•  !f  1-  t-  iro  *-  1 

v-ro  m  if-  at  cm  cm  «—  if-  '—at  »-  im  —  1 

ujin  j  '(M  ro  ro  CM  |f  m*7  ro  i  ro  ro  I 

Z4  4  •—  ~i  m  in  ^  io  n  I  n  in  4  1 

fcCCCflNr-J  I  CCCMOlMK4UJ'n_K\|UJ  COCOXcMuiCM  I 
O  ojcMacmocMoc  at  u.cM-«cMOroeom»~fO  ;  orfuoxn  1 
jcnu-r— 4<imu  f-  '-aioCnJoicDacouj-  ui  i’ 

3  4  cm3cmXcmX  >roa4  04oC4  m  cm  ro  cooCpo  l 

y  m  n  o  <  neon  lo  z«-mv  o  m  r 

Z  <O0CnZO  OH  CO— noiUOLJOCOilJODOOO  I1 
3f-XO<'O<CMX<OMO<J'O0CCMUJCMO'-I(Mv1'0OOO.4  ZrO  I' 
u—z— X'-cCf-o— —f-uj^oc— x— — —Of-a;— z— z— — —  1; 
0COC3  M  03  X  lOK  <  <  at  O  UJOUJ  h  J  | 

e0Qin<CL3L3O->MXX3  Xroo  l| 

'  I 

St  jrCMCMMN*^M4C0C00'O'C0C0a^ j>J4ininrOlO<MCMtOiO  I 

MruoLTunoO'O-o-o-o-oO'OOMMMn-cococoQoaDroO'CT'O'O'O'C'  1: 
J- J-Oo— •—“f-CMCM— »-MMCMCM  ^tJtOOCNCMirunMh-inuOO'O'  I 
o>o»— •—  ifuncoooininooininMf-.cocoo'0,rorO'0'Crororo>o^'j4  t, 

f-ooromMf-cocDMh-cocop-f-inin  1 
oocodcroor— r-f-jj^cococMCMMN-f-f- j^O’Oinin-^'O'O'O  i| 
iruninio-o-or^foajcoinincMcMinm^CMnuororoinkn^MrfOro^O'  v 


MCMiAWi  0>  O'  lAmrOrOkrtu 


66 


APPENDIX  D 


DESCRIPTION  OF  PROGRAM  AUTAM 

AUTAM  was  written  in  FORTRAN-63  for  use  on  the  CDC-1601* 
computer  at  the  Naval  Postgraduate  School,  Monterey.  AUTAM 
consists  of  the  main  program,  PROGRAM  AUTAM;  one  function 
subprogram,  FUNCTION  IDA;  and  two  subroutine  subprograms, 
SUBROUTINE  RATIO  and  SUBROUTINE  ASSIGN.  The  interrelation 
of  the  main  program  and  the  subprograms  is  shown  in  the 
plain-language  generalized  flow  chart  in  Part  1  of  this 
appendix. 

In  Part  2  of  this  appendix,  each  part  of  the  complete 
program  is  described  in  more  detail  by: 

(1)  Table  of  Variables  Used, 

(2)  Detailed  Plain-language  Flow  Chart, 

(3)  FORTRAN-63  Program  Listing. 
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TABLE  OF  VARIABLES  AND  CONSTANTS  IN  PROGRAM  AUTAM 


1.  A(K) 

2.  GR(K) 

3.  I 

4.  IDA 

5.  ID(J) 

6.  IK(LM) 

7.  IIKI) 

8.  IP(J) 


Weight  vector  for  assignment  variable. 
(Constant) 

Dummy  variable  used  in  conjunction  with 
computation  of  marginal  utility.  Contains 
sum  of  W(I,J,K)  elements. 

Row  subscript.  Usually  refers  to  1^  man. 
Function  subprogram  used  to  convert  alpha¬ 
numeric  date  code  to  number  of  months  from 
base  date  (January  65). 

Identifies  to  which  ship  the  set  of  15  EDP 
values  belong. 

The  sequential  order  of  assignments.  (Used 
in  comparing  assignment  methods,  in  con¬ 
junction  with  marginal  utility. 

The  number  of  the  ship  to  which  the  Ith  man 
was  assigned,  Zoro  value  indicates  nan  has 
not  yet  been  assigned  in  assignment  process. 
Set  to  99  if  I*'*1  man  has  rate  code  error. 
Relates  POB  values  to  proper  ship.  (ID(J) 
and  IP(J)  ^ed  to  insure  proper  or  ordering 
of  data  deck.) 


70 


APPENDIX  D 


9.  IH(I) 

10.  I RUN 

11.  12 

12.  ISD 

13.  ISR 

1^-.  ITU 

15.  IXE 

16.  J 

17.  JA, JB 

18.  K 


A  rate  code  index  for  I^*1  man.  Relates  his 
rate  code  to  proper  column  in  (EDP)/(P0B) 
array. 

Iteration  index  for  number  of  sets  of  men 
to  be  assigned. 

Iteration  index  for  number  of  assignments 
made. 

Numerical  conversion  (by  IDA)  of  ship's 
deployment  date  code. 

Numerical  conversion  (by  IDA)  of  ship's 
return  from  deployment  date  code. 

Numerical  conversion  (by  IDA)  of  man's  taNe- 
up  date  code. 

Numerical  conversion  (by  IDA)  of  man's  EAOS 
date  code. 

Column  subscript  -  usually  refers  to 
ship. 

Control  indices  for  computation  and  recom¬ 
pilation  of  (P0B)/(EDP)  ratio  and  utility. 
After  an  assignment  utility  and  (P0B)/(EDP) 
ratio  recomputed  only  for  ship  just  assigned 
to. 

Element  index  for  ^  vector  describing 
assignment  of  man  to  J^h  ship. 
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19.  KS(I,J) 

20.  M(I,J) 

21.  Mfi(I) 

22.  N 

23.  NSHIP 
2k.  SA(I,J) 

25  W(I,J,K) 


Hull  no.,  name,  deployment  dates,  homeport 
and  identification  number  corresponding  to 
ID(J),  IP(J)  for  Jth  ship. 

Data  vector,  for  man,  taken  from  assign¬ 
ment  deck.  (Name,  serial  no.,  rate,  rate 
code,  etc.} 

Hate  code  table  which  is  compared  to  man’s 
rate  code  to  find  rate  code  index  IR(I). 
Number  of  men  in  set  to  be  assigned. 

Number  of  ships  to  be  assigned  to. 

Array  of  (PQB)/(EDP)  values  for  ships. 

(NSHIP  X  30) 

First  15  cols:  EDP  Next  15  cols:  PCB 
N  X  NSHIP  array  of  vectors  describing 
assignment  of  I™  man  to  ship. 
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Is  ship* a  homeport  i^1 

\: 

man's  second  homeport  choice? 


nij4=0 


Have  all  ships  been  pro¬ 
cessed?  .  ( j  i  NSHIP? } 


Yes 


Find  rate  index  for  i^1 
man's  rate-code. 


Have  all  men  in  this  set 
been  processed?  (i2rH?) 


Set  ship  index  limits  for 
computation  of  assignment 
utility  array, 

(JA»t  ,  JBartfSHX?) 
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Part  2 


Function  Subprogram  IDA 
Subroutine  Subprogram  RATIO 
Subprogram  Subroutine  ASSIGN 
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TABLE  OF  VARIABLES  AND  CONSTANTS  USED  IN  FUNCTION  IDA 

X.  IM  Alpha-numeric  month  code. 

2.  IY  Numeric  year  code. 

3.  KM (I )  Table  of  month  codes  for  decoding  IM. 

4.  LM  No.  of  months  from  January. 

5»  LY  No.  of  years  from  1965* 

6.  IDA  No.  of  months  from  January  1965* 


APPENDIX  D 


Plain-language  FJ  nw-nViAT-t;  for  Function  Subprogram  IDA 

FUNCTION  IDA  converts  month-year  code  (Bi5IY)  to  somber  of 
months  from  January  1965*  All  date  oodes  are  assumed  to  be 
Included  in  period  January  1965-Deoember  1974* 
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TABLE  OF  VARIABLES  AND  CONSTANTS 
USED  IN  SUBROUTINE  RATIO 


1.  S(L,K) 

2.  XE 

3.  XEE 

4.  XP 

,  XPP 

6.  W  5 

7.  L 

8.  K 


EDP-POB  values  for  ship  M.  Same  as 
SA(LjM) . 

EDP  for  rate  or  rate  above  or  rate  below 
that  of  I*'*1  man  on  M*'*1  ship. 

EDP  for  rate  of  I*'*1  man  on  ship  +  .1. 

POB  for  rate  or  rate  above  or  rate  below 
that  of  Ith  man  on  ship. 

POB  .1  for  rate  of  Ith  man  on  ship. 
Dummy  variable  for  temporary  storage  of 
(POB)/ (EDP)  ratio. 

Subscript  corresponding  to  rate  code  index 
for  Itn  man.  Varies  to  include  rate  above 
and/or  below  values. 

Iteration  counter  used  to  place  W5  value  in 
proper  element  of  array  and  to  terminate 

ratio  process. 
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9 

Set  variable  rate  index  to 
rate  above  (first  iteration) 
or  rate  below  Cseoond  iter- 

XV. 

ation)  i  man's  rate* 


(LSL4-K(-1  )K) 


l . X- - - - 

' 

Assign  W5  value  to  proper 
element  in  V  array* 

tWi.M.K+9=  ^ 

J 

Advance  iteration  i  *• 

(K»K-H> 

’  n 

Has  POB/EDP  » 

above  and  bel< 

oomputed? 

(K>3)? 

itio  for  rate 

jw  been 
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TABLE  OF  VARIABLES  AND  CONSTANTS 
USED  IN  SUBROUTINE  ASSIGN 

1.  RM  Maximum  utility  of  I*'*1  man. 

2.  RN  Next  highest  utility  of  1th  man. 

3.  DM  Maximum  difference  between  KM  and  RN  for 

all  unassigned  men. 

4.  JK  Temporary  storage  for  number  of  ship  which 

til 

has  highest  utility  for  I  man. 

5.  LM  Number  of  man  (utility  array  row)  which  is 

to  be  assigned. 

6.  JS  Number  of  ship  (utility  array  column)  to 

which  LM  man  is  to  be  assigned. 

7.  IT  Dummy  variable  which  defines  column  in 

POB  array  to  be  corrected  when  man  is 
assigned. 
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Replace  value  of  DU  with 
value  of  HU  -  RN, 

(DM=RM  -  RN) 

Set  man-assignment  index 
to  value  of  man-index* 
(111= i) 

Set  ship-assignment  index 
to  value  of  JX. 

(JS=JX) 


Have  all  men  in  set  been 
processed? 

(i*N?) 


Assign  III**1  man  to  JS**1 
ship.  (Print  assignment 
information. ) 


i*i  +  t 


Correot  PGB  of  ship  JS  for 
III**1  man's  rate.  Set  assign¬ 
ment  index  to  reflect  assign¬ 
ment  of  m**1  man  to  JS**1 
ship.  JS} 


RETURN 
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* 

Modification  to  Pro  gras  ADTAM  for  Bow-Column  Method  of  Assignment 


JA  «  1 

DO  90  I2*1.N 
C 

C  EXECUTE  THIS  LOOP  FOR  ASSIGNMENT 
C 

DO  88  1*1 »N 
6R(I)-0. 

IF ( IM( I ) ) 86»86»88 
86  DO  189  J-1»NSH!P 

CALL  RATIO! IR( I ) • I » J) 

U( I #J)»A( 1 ) 

DO  189  K*1 » 11 

U(I»J)*U(l»J)  +W  <  I  *  J » K )  *A  ( IC+1 ) 
189  CONTINUE 
88  CONTINUE 

CALL  ASSIGN(N»IR*!M»UA»IKI 


♦Statements  shown  above  replace  card,  numbers  0100-0115 
(inclusive)  in  Program  AIJTAM. 
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Modification  to  Program  AD2UK*  for  Marginal  Utility  Computation 


SU-SRU-TN-0. 

DO  168  I-l.N 

IF i IM( I)-99) 171*168. 168 

171  J  «  IMU) 

IRA»IRU>  +  15 

SA ( IRA* J ) *SA ( IRA»J)-1. 

CALL  RATIO! IR( I ) *  I » J) 

T-A(l) 

00  188  K«1 » 11 

GR ( IO *GR (IC)+W(  I  * J»K ) 

188  T«T+W(I.J.K)*A(IC+1) 

SU-SU+UU.J) 

SRU-SRU+T 

SA ( IRA* J) "SA( IRA* J )+l • 

PRINT  170*I*J*UU*J)*T*Ilcm»(lf(I*J*K)*R»l*ll) 
TN-TN+1. 

168  CONTINUE 

PRINT  172.SU.SRU.<GR<K).K-l.U) 

SU-SU/TN  S  SRU»$RU/TN 
00  173  K-l.ll 
173  GRUO«GR<K)/TN 

PRINT  1 72. SU.SRU.(GR(K). K-l.ll) 

170  FORMAT ( 1H  *2I5.2F10.3.SX. I3.2X.11F7.2) 

172  FORMAT < 11X.2F10«3. 10X.11F7.3 ) 

\  . 


*Tha  above  statements  follow  card  number  0124  in  Program  AU2AM. 
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